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PHY TOPATHOLOGY 


VOLUME NUMBER 12 
DECEMBER, 1922 


‘IL. SEPTORIA DISEASES OF WHEAT! 


GEORGE F. WEBER 
Witn Piates XXIII ro XXXVI anv Sixteen Ficures IN THE Text 


On wheat there are two diseases caused by different species of Sep- 
toria, namely, S. nodorum Berk. and S. tritici Desm. The one, caused 
by S. nodorum, attacks the glumes most commonly producing brown 
blotches on them, hence it has been called “Glume Blotch.’’ This 
usage will be followed in this paper. This disease may also attack the 
rachis, culms and leaves. The other disease, caused by S. tritici, attacks 
the leaves only, producing conspicuous light colored lesions in which 
the dark colored pyc nidia are prominent and produce a speckled appear- 
ance. On account of this outstanding characteristic the name “Speckled 
Leaf Blotch”’ is here suggested for this disease. This name will be used 
in this paper. 

GLUME BLOTCH OF WHEAT 


INTRODUCTION 


A Septoria disease found upon the leaves and glumes of wheat has 
been reported recently as a serious disease of wheat (26). The fungus 
was reported present over large areas in different sections of the country, 
and in certain wheat growing districts serious losses in grain yield have 
been recorded. It is caused by the parasitic fungus Septoria nodorum 
Berk. The organism attacks different parts of the plant causing irregular 
shaped areas to become discolored and dead. Heads of wheat are es- 
pecially seriously attacked and become blackened, beginning at the tips 
of the outer glumes and working toward the base. 


THE DISEASE 
Hosts 


This organism was first found on wheat by Berkeley (2) in 1845, and 
by Passerini (25) in 1879. Since then it has been reported wide spread 


1 This is the second of three articles by the author on the Septoria diseases of cereals 
and some of the grasses. The first appeared in Phytopathology, number 10, volume 12. 
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conforming to the cultivation of the wheat plant. Sorauer (31) reported 
it on speltz and wheat. Neuen-Lemarie (22) listed wheat, barley, rye 
and oats as host plants of this organism. The writer has conducted 
a series of inoculation experiments in an effort to gain some knowledge 
as to its host range and as a result has found that only wheat species, 
rye and Poa pratensis become infected while species of barley and oats 
and a number of related grasses remain free from the disease. It 
is peculiar, however, that in the case of rye only the leaves become 
infected, while in the cases of wheat and Poa pratensis all parts above 
ground are susceptible. These experiments will be taken up in detail 
later in this paper. | 


Geographical Distribution 


Septoria nodorum Berk. was first reported in England by Berkeley 
(2). Later it was reported in northern Italy by Passerini (25). It 
was also reported in other parts of Italy by Cavara and Comes according 
to Voglino (36). Eriksson (12) observed this disease in Sweden. It 
was reported in Switzerland by Baltshauser according to Voglino (36) and 
from different parts of Germany by Frank (14). Selby (80) and Town- 
send (33) describe its appearance in Ohio and Maryland respectively. 
Rosen (28) reported the fungus locally in parts of Arkansas. Giissow 
(16) reported the disease as being general and common in Europe. 
Marchal and Foéx (20) found it in France near Toulouse. Sutton (32) 
published a short note on the occurrence of the disease in western Aus- 
tralia. 

In the United States the disease is rather generally distributed. It 
has been reported as common in all wheat growing regions, which in- 
cludes the Mississippi basin and smaller areas on the Atlantic and 
Pacifie coasts. It has been reported most prevalent in the South and 
and East Central States of the United States. 


Economie Importance 


No serious damage to the wheat crop was reported as being caused 
by this fungus until Townsend (33) reported serious losses in Maryland. 
He stated that the yield of certain fields was reduced from 30 or 35 
bushels per acre to 15 bushels per acre and that the kernels were very 
much shrivelled. Voglino (36) observed that the wheat fields in Pied- 
mont were often attacked by this fungus and that severely infected 
heads always produced shrivelled kernels of abnormal structure. 
Observations and notes of the disease in England by Berkeley (2) and 
Massee (21) state that it was abundant in the wheat fields and caused 
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Red Wave (A and B) and Turkey (C and D) wheat grown in greenhouse 


A and C healthy; 1 and 3 grain from similar heads of same varieties respectively. B 
and D following inoculation with S. nodorum; 2 and 4 grain from heads similarly 


inoculated. 
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extensive damage. Sorauer (31) stated that the quality of the seed was 
badly affected by the attacks of this fungus on the host plant. Schmitz 
(29) reported serious damage to wheat in all parts of Italy. Giissow 
(16) considered no loss resulted from attacks of the fungus on wheat 
since it rarely penetrated to the kernels. Delacroix and Maublane 
(9) report very little damage where they observed the disease. Marchal 
and Foéx (20) found the disease near Toulouse but reported no 
damage. Sutton’ (82) concluded that the disease was most destructive 
on the nodes and least destructive on the glumes, that the injury was 
almost wholly confined to the early sown crops, and that the disease 
was most serious during wet years. He did not think that the milling 
quality of the wheat was impaired. Rosen (28) considered this disease 
the most serious wheat disease in Arkansas with the exception of Puc- 
cinia triticina Erik. He stated that the kernels were reduced in size 
and shrivelled. In 1919 in Plant Disease Survey (26) a .25 per cent 
reduction in yield was reported from Delaware and a .5 per cent re- 
duction from Maryland. In most states, however, the loss reported 
was very slight. Infection ranging from 50 to 90 per cent was reported 
in the Experiment Station plants in Pennsylvania. Infection was 
reported rather general in wheat fields east of a line from Minnesota 
to Arkansas. In Wisconsin the disease has been found widely scattered 
but has nor proven serious in any locality. Figure I shows the results 
in yield, of controls and inoculated heads of two varieties of wheat 
grown in the greenhouse at Madison, Wisconsin. 


Symptoms 


Glumes and lemmas. These parts show the first indication of infection 
by the appearance of small, irregular, brownish spots, usually on the 
upper half of the outer glume. The spots enlarge and become chocolate- 
brown in color and very soon black pyenidia appear scattered in the 
discolored areas (Fig. 2). In case of light infection only a few glumes 
may become diseased on a single head. In such case the others remain 
healthy until maturity. When the heads are badly diseased the outer 
and inner glumes and lemma become infected and all exposed parts be- 
come dark brown in a short time. The pyenidia are then easily observed. 

Rachis, culm and nodes. When conditions especially favor infection 
these parts are attacked and become discolored. The attacked nodes 
of the rachis become almost black and the nodes of the culm become 
dark brown. Both of these parts become dotted with pyenidia. The 
culm is colored light brown and the spots are large, often covering the 
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greater part of certain internodes. Pycnidia have not been observed 
upon the discolored areas of the culm. 

Leaves. Infection of the leaf resulted in the appearance of yellowish 
spots 8 or 9 days after inoculation. These spots become light colored 
and then the tissues become dry. As the drying took place pycnidia 
appeared very sparsely and scattered. As the central part of the spot 
dried out it became lighter colored. Often these spots were almost 
white in the center surrounded by a brownish area which marked the 
limit of the living tissue. Often numerous spots coalesced and when 
infection was heavy and growing conditions favored the development 
of the fungus they involved most of the leaf, killing it very soon. The 
leaf turned brown, the edges often curling backward. The pyenidia 
were rather uniformly distributed over both surfaces of the leaf and 
upon close examination were found to be seriately arranged. The 
pyenidia on the leaves were in every way similar to those found onthe 
glumes, rachis, and nodes. 


CAUSAL ORGANISM 
Taxomony 


This disease was first described by Berkeley (2) on the nodes and inter- 
nodes of wheat and the causal organism named Septoria nodorum. Pas- 
serini (24) described a disease on the glumes of wheat in Parma, Italy, 
and named the organism Septoria glumarum. The latter binomial has 
been generally accepted and is in common use in literature at present. 
Kiihn (18) described an organism on the glumes of wheat in Germany 
which he named Phoma hennebergii, Upon examination of this material 
later Berlese and Voglino (3) found the organism to be Macrophoma 
(Cylindrophoma) hennebergii. Voglino (36) stated that Frank and 
Kirchner reported the disease as common in Germany, and also that 
Kirchner and Boltshauser considered it very similar to Septoria glumarum 
Pass. Because of the resemblance between Kiihn’s description and the 
description of Passerini, Voglino, although unable to examine the spec- 
imen of Kiihn, thought that Machrophoma (Cylindrophoma) hennebergii. 
Kiihn should be included with Septoria glumarum Pass. Grove (15) 
examined this disease on wheat from Australia and England and later 
compared these specimens with Berkeley’s original collection in Kew 
herbarium. He concluded that the diseases on culm, node and glumes 
were caused by the same species of fungus and that the diseased material 
from I ngland and Australia was the same as that which Eerkeley de- 
posited in Kew. Rosen (28) stated that the disease found on wheat in 
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Arkansas conformed to Groves’ description. The fungus found widely 
distributed in the United States is undoubtedly Septoria nodorum Berk. 
Hence the nomenclature and synonyms are as follows: 
Septoria nodorum Berk. 
Septoria glumarum Pass. 
Phoma hennebergii Kiihn 
Macrophoma (Cylindrophoma) hennebergii Berk. and Vog. 


Fig. 2. Heads of “Red Wave” wheat heavily infected with S. nodorum Berk. 
Note numerous pycnidia on glumes. 
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Mycelium. The mycelium is colorless, 2-34 thick, septate and very 
much branched. The walls are thin, and large vacuoles often appear 
in the older strands. In colonies on potato agar it is white, then light- 
olivaceous areas appear, and after a couple of weeks the surface of the 
media is almost black. In the host plants the mycelium grows rapidly 
and forms in clumps when forming the pyenidia. 

Conidia. (Fig. 3, A.) Found only on oatmeal agar; oblong, cylin- 
drical, entire, straight or slightly curved. rounded ends, hyaline, 3-sep- 
tate, guttulate near septa, 2-4 x 18-32y, averaging 3 x 24u; produced 
laterally usually at the septa of germinating pycnospores. 

Pycnidia. Pyenidia are seriately arranged or widely scattered, 
spherical, flattened or elongate, subepidermal, ranging in size from 
160 to 210% in diameter. The wall is thin, soft, and parenchymatous, at 
first light brown in color, later becoming dark brown or black. The 
ostiole is circular to oval opening between the guard cells of the stomata 
(Fig. 4). 

Pycnospores. (Fig. 3 B, C.) Pyenospores are oblong, cylindrical, 
straight, curved or angularly bent, obtuse and rounded at the ends, 
hyaline, 3-septate, guttulate, 2-4 x 18-32y, averaging 3 x 264. They 
emerge from the pyenidium in long serpentine strands. The spores are 
repelled from each other probably by surface tension phenomena. 

Perithecia. This stage of the life history of the organism is imperfectly 
known. Voglino (36) cultured Septoria nodorum Berk. and succeeded 
in discovering perithecia in certain cultures that contained asci and 
ascospores which were hyaline and one septate. On the basis of this 
he identified the fungus as Sphaerella exitialis Morini. However, there 
seems to be some question if the ascospores may not have been some- 
what immature. At least the evidence as brought out later indicates 
that the ascigerous stage may be a species of Leptosphaeria. 

Davis (8) found some perithecia associated with pyenidia of S. nodorum 
which he described as having three-septate, hyaline spores and para- 
physes, thus placing the organism in the genus Sphaerulina. The 
writer found some perithecia closely associated with pyenidia of S. no- 
dorum Berk. on glumes of Red Wave Wheat in July, 1921 (Pl. XX XIIIA), 
and upon examination found the ascospores were three-septate and of 
a yellow olivaceous color which placed the fungus in the genus Leptos- 
phaeria. 

Through the kindness of Dr. J. J. Davis some of the material colleeted 
by him in 1916 was examined, also some of his permanent mounts of the 
fruiting bodies. In these mounts, structures similar to paraphyses 
were observed and examination of perithecia from the wheat leaves 
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collected by him also showed that paraphyses were present there (Fig. 
5A and B). Accordingly, the organism should be placed in the family 
Pleosporaceae rather than in the family Mycosphaerellaceae, and in 
either the genus Metasphaeria or Leptosphaeria rather than in the genus 
Sphaerulina. ‘The ascospores appeared hyaline and would consequently 
be placed in the genus Metasphaeria. However, comparisons were 
made with other species of Metasphaeria and Leptosphaeria in the 
herbarium and these ascospores were doubtfully hyaline. When it is 
considered that ascospores comparable to these in every way, except 
that they were colored, were found by the writer associated with pye- 
nidia of Septoria nodorum Berk. it is quite probable that the fruiting 
bodies collected in 1916 by Dr. Davis were somewhat immature, hence 
not yet colored. Therefore, this form is probably a species of Lepto- 
sphaeria. The relation between this species and Septoria nodorum Berk. 
was not definitely proved because the ascospores were not viable, and 
on this account neither isolations nor inoculation experiments could be 
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Fig. 3. Camera lucida drawings of spores of Septoria noderum Berk. A. Conidia 
grown in culture. B. Pyenospores grown in culture. C. Pycnospores collected in 


the field. 


The perithecia found by the writer in July, 1921, in the glumes of 
Red Wave wheat, were subepidermal, globose to subglobose, 40 to 140 
mm. in diameter. The walls were thin, parenchymatous, black, and 
slightly raised. Ostiole circular to oval 18 to 24% in diameter. Asci 
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cylindrical, hyaline, thin walled, rounded at end, eight-spored. Asco- 
spores fusoid, ends rounded, 3-septate, slightly constricted at central 
septum, yellow to brown in color, 5 to 6 by 20 to 30u. Paraphyses, 
cylindrical, rounded at tips, hyaline, septate, slightly longer than asci. 
Physiology 
Cultural studies. The organism was obtained in pure culture by 
isolating pyenospores. The pyenospores were obtained from the pye- 
nidia in the glumes by soaking the infected glumes in water for a short 


period during which the pyenospores exuded through the ostioles in 
long threads. Single pyenospores were isolated on potato agar plates 


Fig. 4. Camera lucida drawing of a cross section of a pyenidium of Septoria 
nodorum Berk. Note ostiole under stomata. The black dots between the host cells 
are cross sections of fungus mycelium. 


and upon germination were transferred to culture tubes for growth. 
The colonies developed into white masses of mycelium which grew 
quite rapidly making a thick, vigorous looking mat of mycelium. A 
number of different media were used as a source of nutrition for the fun- 
gus. Luxuriant growth was obtained on potato-dextrose agar, oatmeal- 
agar, wheat-extract agar, sterile oatmeal, cornmeal, bran, barley, wheat, 
sweet clover stems, alfalfa stems, wheat stems and wheat heads. Poorer 
growth was observed on Lima-bean agar and string-bean agar. The 
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potato-dextrose agar and oatmeal agar proved to be the best media, 
however, for the development of the mycelium and for the production 
of pyenidia. The pyenidia, which were produced only on these two 
media, appeared slightly imbedded in the media under the mycelium. 

Pyenidia of Septoria nodorum were collected by the writer in July, 
1921, at Madison, Wisconsin, on Red Wave wheat heads. In November, 
1921, the pyenospores were obtained and germinated. Single germin- 
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Fig. 5. A. Photomicrograph of perithecia found on a wheat leaf intermixed 
with pyenidia of S. nodorum Berk. B. Camera lucida drawing of a perithecium shown 
in A. 


ating spores were tranferred to potato-dextrose agar slants for growth. 
In February, 1922, pyenidia containing pycnospores were discovered 
in many of the cultures. These pyenospores were germinated on potato- 
dextrose agar and oatmeal agar slants. A week later examination of 
the cultures showed that on the surface of 10 out of 14 of the oatmeal 
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agar cultnres conidia wete forming. They were scattered over the sur- 
face of the slant in small salmon-pink, circular, raised colonies (PI. 
XXXIII, C). They compared favorably with pyenospores collected in 


Fig. 6. A. Photomicrograph of S. nodorwm after growing in plate cultures for 
14 days at the following temperatures: A. 4-€°C.; B. 8-10° C; C. 14-16° C.; D. 20-24° 
C.: BE. 28-32° C. 

B. Growth of mycelium of S. nodorum Berk. on potato dextrose agar adjusted 
to pH 6.2 and pH 7.8 grown 10 days at room temperature. 


the field as to size. septation, and shape. None of the transfers to other 
media developed conidia. 
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Conidia which were grown on oatmeal agar were transferred to a num- 
ber of tubes of potato-dextrose agar and in every instance germinated 
by sending out germ tubes which branched profusely and formed a 
mycelial colony. After about one week numerous pyenidia began to 
form under the mycelium; the pyecnospores were normal as to size, shape 
and septation. 

Spore germination. The pyenospores of Septoria nodorum Berk. 
germinated best in water. In water and on agar poured-plates they 
formed germ tubes from one or more cells of the spore. The germ tubes 
branched and the colony developed into a white mass of mycelium. Vog- 
lino(36) stated that he occasionally secured conidia from the pyenospores 
when they were germinated in water. He shows figures of conidia formed 
from pyenospores. They were formed by the budding process very 
similar to that observed by the writer in a number of species of Septoria. 

Ascospores. The ascospores of this organism have not been germin- 
ated by the writer. Voglino (36) described the germination of the asco- 
spores of Sphaerella exitialis Morini, which he concluded were the perfect 
form of Septoria nodorum Berk. When he inoculated wheat plants with 
them pyenidia were developed. The ascospores germinate readily in 
water, they developed a short germination tube and then formed conidia 
on the sides of the germination tube. 

Temperature relations. The pyenospores germinated best at about 
20° C.; lower temperatures tended to retard the process, while at higher 
temperatures spore germination was either irregular in formation or 
prohibited altogether. 

The mycelium growing on potato agar made the best growth between 
20-24° C, The growth diminished toward the lower temperatures, very 
little growth taking place at 4°C. At 30°C. the growth was concentric- 
ally zoned and reddish-purple in color. Above 30°C. the growth was 
secant (Fig. 7 A). 

Relation of reaction of media to mycelial growth. Bits of mycelium were 
transferred to potato agar slants which had been made to test pH 6.2 
and pH 7.8. The fungus was grown for 12 days at room temperature. 
The difference is growth is shown in figure 6 B. Mycelial growth was 
greatly favored by a slightly acid medium. 


Pathogenicity 


Voglino (36) made a limited number of inoculation experiments on 
the different parts of the wheat plant with pyenospores of S. nodorum 
GS. glumarum) and found that the organism was pathogenic upon all 
parts of the wheat plant above ground. 1. e., nodes, internodes, rachis, 
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glumes, awns, and leaves. Rosen (28) made some inoculations in the 
greenhouse and reported leaf and glume infections. In the investigations 
conducted by the writer all parts of the wheat plant have been infected 
by inoculation by pyenospores both in the greenhouse and in the field. 


TRITICUM SPP. SECALE CEREALE 


MILLETS AGROPYRON REPENS 


SEPTORIA NODORUM 


2077 23 
HORDEUM SPp. BROMUS IWERMIS 


POA PRATERSIS AVENA SPP. 


Diagram showing source of inoculum (in the circle) and the hosts inocu- 
The denominator of the fraction designates the number 


Fig. 7. 
lated (in the rectangles). 
of leaves inoculated and the numerator the number of leaves infected at the end of 14 


days. Arrows alone indicate infections. 


The pyenospores isolated from any part of the plant were identical in 
every way. Inoculation experiments were conducted by employing 
such isolated pyenospores. The disease was reproduced after two weeks 
showing up characteristically on the different parts of the plants. The 
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leaves, when inoculations were made in the field, became infected more 
readily than other parts of the plant. The reverse was found to be 
true with plants inoculated in the greenhouse. The glumes of plants 
inoculated in the greenhouse showed signs of the disease first, followed 
by a browning of the rachis and the upper internode. The organism 
was reisolated from the artificially produced diseased areas and it was 
similar in every respect to the one with which the inoculations were made. 

Cross inoculations. In the review of the literature the host range of 
this organism was found to include practically all of the cereals. Ex- 
periments were conducted by the writer, in which 47 species of varieties 
of cereals and grasses were inoculated with pycnospores suspended in 
water. 

The inoculum was obtained from wheat glumes and leaves collected 
in the field and from wheat glumes upon which the disease was artific- 
ially produced in the greenhouse. The pyenospores which exuded from 
the pyenidia of infected glumes soaked in water formed a spore suspen- 
sion which was sprayed upon the plants with an atomizer. The inocu- 
lated parts were then covered with paper bags which were removed 
after from 48 to 72 hours. A summary of the data from these experi- 
ments is given in table 1 and is still further summarized diagramatically 
in figure 7. 

TABLE 1 
Summary of results from inoculating various grains and grasses with pycnospores 
of Septoria nodorum Berk. 


Number of leaves 
Source of 


Hosts 
inoculum 
Inoculated Diseased 
l 77 0 
Avena barbata 2 17 0 
3 
OS 0 
Avena brev:s 19 0 
19 0 
1 110 0 
Avena fatua 2 $2 0 
5 10 0 
79 0 
Avena nuda chinensis 2 12 0 
3 17 0 


1 Sources of inoculum as designated in table 3 are as follows: 1. Wheat heads and 
leaves. 2. Rye leaves. 38. Poa pratensis panicles and leaves. 


. 
a 
ws 
| 
¥ 
of 
é 


nd 


1922] WEBER: SEPTORIA DISEASES OF WHEAT 


Hosts 


Avena sativa (Culbertson 


Avena sativa nigra 


Avena sativa orientalis 


Avena sterilis (a) 


Avena sterilis (b 


Avena strigosa 


Hordeum deficiens 


Hordeum horsfordianum 


(Ore. ) 


Hordeum horsfordianum 


(S. Dak. 


Hordeum distichon erectum 


Hordeum dist ichon 


¢ if 


inoculum! 


Number of leaves 


Inoculated Diseased 


100 0 
54 0 
16 0 

105 0 
14 0 
14 0 
79 0 
20 0 
20 0 
100 0 
11 0 
19 0 
100 0 
14 0 
1S 0 
103 0 
15 0 
16 0 
O4 0 
0 
0 
102 0 
19 0 
22 0 
0 
13 0 

100 0 
10 0 
21 0 
0 

0 
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Hordeum disti 


Hordeum ule: 


Hordeum vulgare hexastrichum 


Hordeum vulg 


Hordeum vulg: 


Hordeum vulgare pallidum 


Hordeum vulg 


Hosts 


chon nutans 


are himalaya 


re 


are trifureatum 


Triticum aestivum 


(Marquis 


Triticum aest 


hiteseens 


(Harvest Queen 


Triticum aest 


Marly M: 


Triticum aest 


Red Wav 
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Source of 


imoculum 


[Vou. | 


Number of leaves 


ulate d 


100 


Os 


Diseased 


0 
0 


2 
: ) 
2 () 0) 
‘ 
2 17 0) 
3 15 0 
2 15 0 
] 106 () 
2 10 0 
19 
» 
2 34 0 
) 
135 121 
> 
109 SI 
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Hosts 


Triticum compactum 


Triticum dicoceum barrum 


Triticum dicoceum atratum 


Triticum durum 


Triticum monococcum 


Triticum polonicum 


Triticum spelta 


Triticum turgidum 


Seeale cereale 


Agropyron repens 


Bromus inermis 


Source of 
inoculum! 


Number of leaves 


Inoculated 


1S 


Diseased 


553 
| 
| 86 : 
| 2 26 
3 21 11 2 
SS 71 
2 17 12 
a 24 12 
1 LIS 96 
et 2 21 14 
3 10 13 
l 90 74 
2 1) 29 = 
21 
74 
2 52 21 
3 16 
l 
2 62 
3 15 
132 119 
2 63 29 
IS 
] 104 S4 
2 33 23 
3 22 8 7 
225 150 
2 S83 62 
3 37 20 
137 0 
2 73 0 
24 0 
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; Number of leaves 


Hosts 


inoculum! 
Inoculated Diseased 
1 | 37 | 0 
Chaetoechloa italica 2 | 0 
5 | 16 0 
1 | 85 0 
Chaetochloa viridis 2 | 16 Uv 
3 | 8 0 
l 85 0 
Echinochloa erus-galli 2 16 0 
3 0 
69 0 
Panicum clandestinum 2 10 0 
3 0 
H 56 0 
Pennisetum glaucum 2 12 0 
1S 0 
l 192 72 
Poa pratensis 2 24 10 
3 21 14 


It will be noted from the table that Septoria modorum will attack the 
wheat species, rye and blue grass, regardless of whether or not the inoe- 
ulum was obtained from any one of the three hosts mentioned. 


Seasonal Development 


On leaves.—Infection takes place on the leaves at any time during 
the spring, summer or fall. In the early spring and late fall when the 
temperature usually falls to freezing during the night and the days are 
comparately warm, characteristic lesions on the leaves may be found; 
they are more or less circular, lighter colored and sparsely dotted with 
pyenidia. The pyenidia developed in the fall, contained pyecnospores 
that germinated almost 100 per cent in the spring. The lesions formed 
in the spring slowly invaded the whole leaf and killed it. When the 
tillers began to shoot infections were observed on all leaves over two 
weeks old. 

Heads.—Infection was not observed on the head until shortly after 
blossoming time which gave approximately a sixteen day incubation 
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period for the fungus providing inoculation took place from one to three 
days after the heads appeared out of the sheath. Infection on the heads 
was not confined to any definite month but rather took place at a cer- 
tain stage of the development of the wheat plant. In the vicinity of 
Madison, Wisconsin, June and July were the two months during which 
most of the wheat heads become infected. The disease spreads rapidly 
from the time of first infection until the grain is cut. 


Source of Inoculum 


The sources of the inoculum are the pyenidia which are formed in 
the diseased areas on leaves, nodes, glumes and awns. The pyenospores 
exude readily when the pyenidia are held under moist conditions. Germ- 
ination of the pyenospores takes place in a very few hours after they 
escape from the pyenidia. 


Modes of Overwintering and Longevity of Spores 


The pyenospores of the fungus live over the winter period, provided 
they are retained in the pyenidium. During the winter of 1920-21 
some wheat heads, heavily infected with this disease, were placed out- 
of-doors in the early fall and spore germination tests were made twice a 
month from November, 1920, until May 1, 1921. The results showed 
that the spores retained germinating powers during the whole period with 
little or no variation. <A series of tests were made from similar material 
collected at the same time and kept in the laboratory. The germination 
of the spores from the laboratory material decreased 40 to 50 per cent 
after four months and at the end of six months very little germination 
was obtained. More than 30 per cent of the spores from material placed 
out-of-doors showed germination after 18 months. 


Modes of Dissemination 


The fungus is no doubt distributed most extensively by the dissemi- 
nation of the pyenidia in diseased tissue. Locally the spread is by means 
of pyenospores. ‘The pyenidia are carried about on the straw and chaff 
by means of the wind and other agencies at threshing time and on the 
straw transported for feed and commercial uses. <A large amount of dis- 
eased plant material is usually left in the field after cutting. This 
material disintegrates during the winter, liberating the pyenidia which 
are disseminated by such agencies as wind, rain, and flowing water. 
The pycnospores are killed very easily by drying and by direct sunlight 
so that when dry they play a very small part in the dissemination of the 
fungus. 
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Time of Natural Infection 


The leaves become infected at almost any time after they unfold. 
Infection is most prevalent, however, during April, May, and October 
on the leaves, and June and July on the glumes. 


Mode of Infection 


The fungus enters the host plant by direct penetration of the cuticle. 

It then grows in between the epidermal cells into the parenchy- 
matous tissue. 

The pyenospores which become lodged on the epidermis usually lie 
lengthwise in the depressions directly above adjacent epidermal cells. 
They germinate and the germ tubes follow the depression for a short 
distance, then stop abruptly and penetrate the cuticle. 


Period of Incubation 


Under both field and greenhouse conditions it was found that the time 
from inoculation until the disease was produced, (bearing mature fruiting 
hodies) was from 12 to 16 days. Six or seven days after inoculation 
very faint blotches of slightly lighter colored tissue were observed 
scattered over the heretofore healthy leaf. These blotches became 
lighter and lighter after about the tenth day whenthey were quite yellow. 
At this time light brown dots, the young pyenidia appeared which en- 
larged and became black, in which condition they were mature. Oc- 
casionally more than 14 days were required for the production of mature 
pyenidia, but in these cases the temperature was below the optimum 
for the development of the fungus. The incubation period on the leaves 
and glumes was about the same while on the culms, nodes, and rachis 
it was a few days. longer. 


Pathological Anatomy 


The hyphae which grow through the cuticle are very small. They 
enlarge somewhat after the cuticle is penetrated. They are about 
natural size when they grow between the epidermal cells. Branching 
of the hyphae was not observed until after they had passed through the 
epidermis and come in contact with the parenchymatous cells beneath. 
The hyphae usually branched and changed direction of growth at this 
point, extending in all directions on a plane parallel to the epidermal 
layer. Long strands were observed in the crevices formed by the epi- 
dermal cells running parallel with the vascular bundles in the leaf. 
Small branches developed perpendicularly and extended between the 
parenchymatous cells. Often a single host cell was formed, completely 
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encircled by several hyphae. Aggregations of hyphae in various stages 
of density were found in the substomatal spaces so that it was possible 
+o follow the formation of the pyenidia in their development from a few 
strands of hyphae to the mature fruiting body. The pyenidia. were 
found to develop only in the substomatal chamber with their ostioles 
directly under the stomata. The host cells adjacent to the pyenidia 
were usually obscured by the dense wefts of hyphae. Several layers 
of cells in close association with the pyenidia were dead and obscured 
in outline. The host cells in the vicinity of the invading hyphae ap- 
peared to be in a normal condition. They showed no effects of the 
parasite until almost all of the intercellular spaces contained numerous 
hyphae. The hyphae invaded the culm but no fruiting bodies were found 
in the internodes. They were found commonly on the nodes, however. 


Effects on the Physiology of the Host. 


Wheat plants which were severely infected with this organism were 
stunted in growth. Most of the tillers were killed when small, leaving 
only two or three to head. The heads were from 14 to 14 normal size 
and usually empty or contained only a few shrunken kernels. Light 
infection on the glumes did not materially affect the host as far as yield 
was concerned. Severe infection, however, when all the glumes were 
involved reduced the yield 50 per cent or more. The kernels that were 
formed were shrunken and light in weight. Leaf infection in severe 
cases reduced the healthy leaf area and as a consequence reduced the 
production of carbohydrates. Only when practically all the leaves 
were involved was the yield noticeably reduced. Infection on the nodes 
was thought by Sutton (32) to result in the most severe losses. He stated 
that the mycelium entered the vessels and plunged them up thus 
cutting off the upward flow of sap. As a result of node infection two 
conditions depending upon the time of infection arise. Severe leaf in- 
fection generally spreads to the nodes which results in the stunting of 
the plant and a loss in yield. When glume infection precedes node 
infection the plants are fully grown so that there is no loss of yield unless 
the glume infection Is severe. 


HOST VARIETAL RELATIONS 


Voglino (52) conducted an inoculation experiment in which he sprayed 
pyenospores of Septoria nodorum (S. glumarum) on the heads of three 
kinds of wheat, namely, ‘‘ Nostrale” a susceptible variety, and “ Noe” 
and Petaniello”’ resistant varieties. The Nostrale,’’ became heavily 
infected while the “Noe” and “Petaniello” remained free from the 
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disease. He explained that this resistance in the one case was due to 
the change of chlorophyll bearing tissue to mechanical tissue, and the 
germ tubes not finding a suitable substratum died. . 

In the investigations conducted by the writer all the species of Tri- 
ticum were found susceptible to the disease, and species of 7’. durum, T. 
aestivum, T. compactum, T. turgidum, and T. polonicum were found more 
susceptible, however, than 7. spelta, T. monoccum and T. dicoccum. 
The several varieties of 7. aestivum showed no marked difference in 
susceptibility, no outstanding cases of resistance being noted. The 
different varieties of the other species were not grown. 


SUMMARY 


1. Septoria nodorum Berk. is widely distributed in wheat growing 
regions and is pathogenic on the heads, leaves and culms of wheat species 
and Poa pratensis, and leaves of Secale cereale. 

2. The disease is of marked economic importance more or less locally. 
The symptoms are distinctive on the glumes and culms and somewhat 
obscure on the leaves unless pycnidia are present. 

3. The fungus grows readily on various artificial culture media, but 
especially well on potato-dextrose agar. Mycelium, conidia, and pyeni- 
dia have been developed in culture. 

4. The cardinal temperatures for growth are as follows: minimum 
4° C.; optimum 20 to 24°C.; maximum 32°C. 

5. The pyenospores if enclosed in the pyenidium remain viable over 
winter in the vicinity of Madison, Wisconsin. 

6. The fungus enters the host by direct penetration of the cuticle. 

7. Period of incubation is from 12 to 15 days. The hyphae are inter- 
cellular and the pyenidia are subepidermal under the stomata. 

8. Severely infected plants are usually stunted, the culms are weak, 
and the heads are about one-half normal size. 

9. All species of Triticum inoculated were found to be susceptible. 
T’. spelta, T. monococcum, and T. diococcum were not as susceptible, how- 
ever, as the other five species that were inoculated. 


SPECKLED LEAF BLOTCH OF WHEAT 
INTRODUCTION 


A disease of wheat widely distributed and commonly known as “ Leaf 
spot” or “ Nebular leaf spot’? caused by Septoria tritici Desm., is here 
called ‘Speckled leaf bloteh”’ of wheat. This name is chosen on account 
of the characteristic, speckled appearance of the lesions caused by the 
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presence of the dark brown or black pycnidia in the light colored, dead 
leaf tissues of the lesions. This disease which is reported widespread in 
Europe, Asia, Australia, and America was found to be prevalent in the 
vicinity of Madison, Wisconsin. Observations made during the fall 
of 1920 in 50 different fields showed that every field of winter wheat 
visited was infected with this disease. The per cent of infected plants 
ranged from 10 to 100 per cent. It was found that a large number of 
seedlings were killed in fields where infection was severe. During the 
winter and spring many tillers were also killed; in these instances all 
of the leaf surface of the tiller was covered with pyenidia. The severity 
of this disease and the uncertainty of its relationship to similar Septoria 
diseases on cereals prompted these investigations. 
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Fig. 8. A. Camera lucida drawing of surface of inoculated wheat leaf showing 
points of penetration by S. tritict and extent of growth at the end of about 60 hours. 
X 700. 


B. Photomicrograph of two seven days old colonies of S. tritici on potato-dextrose 


agar. 


THE DISEASE 


Hosts 


The host range of Septoria tritici Desm. is more or less limited, es- 
pecially among the cereals. Desmazieres (10) first reported it on wheat 
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and Frank (14) reported it on ‘‘new grain”’ in November, as doing serious 
damage. Cavara (5) found the diseases on wheat doing extensive 
damage. Prillieux (27) and Tubeuf (84) both report the disease on 
wheat, Tubeuf having also found it on rye and certain wild grasses 
which he did not list by name. Pammel (23) and Cooke (6) report the 
disease in the United States on wheat and certain wild grasses. Sorauer 


Ss 


Fig. 9. A. Three month old winter wheat plant showing leaves grouped to thie 
right) killed by the fungus B. Winter wheat plant showing the infected leaves tied 
in bundles November 1, 1020 also the sranll portions of the le; 


\pril 1, 1921 


ives that remained on 


31), Neuen-Lemanie (22), Ferrais (13) and Delacroix and Maublane 
(9) report the disease at different times in different parts of Kurope on 
wheat species only. Butler (4) reported the disease on wheat and some 
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wild grasses. Beach (1) reported the disease only on wheat species 
and certain grasses and stated that the disease would not go to rye, oats, 
or barley. The writer has conducted numerous experiments both in 
the field and in the greenhouse in an effort to determine further the host 
range. Up to the present time the hosts found susceptible to the dis- 
ease are the wheat species, rye, and Poa pratensis. More than four 
thousand leaves of oats and barley of different species and varieties have 
been inoculated under various conditions of moisture and temperature, 
and at different times of the year, and in no case has the disease ever 
been reproduced on any of these species or varieties. 


Geographical Distribution 


This disease has been reported from most of the wheat growing regions 
of the world. Desmazieres (10) first described it from diseased wheat 
in France. Prillieux (27), Neuen-Lemarie (22), and Ferrais (13) all 
report the disease from parts of France. Passerini (24), Frank (14), 
Cavara (5), and Ferrais (13) report this disease from Italy. Frank (14) 
and Sorauer (31) report it from parts of Germany. Cooke (6), and 
Ferrais (13) report it from England, and Butler (4) reports it from parts 
of India and Australia. 

The disease is well distributed over the United States. It was first 
reported by Pammel (23) and since that time by almost every experi- 
ment station in wheat growing districts. Beach (1) reports it very 
extensively around Urbana, Illinois. The writer has found this dis- 
ease in every wheat field inspected in the vicinity of Madison, Wis- 
consin, and the causal fungus has been found to be in a viable condition 
on wheat plants at all times of the year. 


Economic Importance 


It isa difficult task to determine the loss caused by this disease. Only 
scattering reports can be found in the literature such as those given by 
Frank (14), Cavara (5), and Prillieux (27) who report serious losses 
from this disease in northern Italy. Butler (4) states that the disease 
does slight damages in India. In the United States no attempt has 
heen made to distinguish between the diseases caused by Septoria tritici 
Desm. and Septoria graminum Desm. As a result, all reports of losses 
are published under the heading of Septoria leaf spot. The loss has 
been found to be greatest on seedlings in the fall and on tillers in early 
spring, 5 per cent of which have been found killed by this disease. The 
losses from the disease on other parts of the plant later in the season is 
negligible. 
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Symotoms 


The symptoms are somewhat variable. In the fall when the disease 
first appears on the wheat seedlings it is conspicuous as more or less 
circular or oval irregular (nebula-like) spots scattered over the blades 
of the leaves. The center is usually somewhat light colored but still 
greenish and it shades off into the natural color of the leaf. The spot 


Fig. 10. B. Lesions (showing mottling and blotching as well as pyenidia) result- 
ing from artificial inoculation in the greenhouse with pyenespores. A. Portions of 
heavily infected wheat leaves showing the mature pyenidia of S. tritic?. 


does not stand out prominently and were it not thickly dotted with 
prominent black pyenidia it would be almost unnoticeable (Pl XXXIV). 
The disease remains in this form on the green leaves. It gradually spreads 
and finally involves the whole leaf blade by coalescing with other in- 
fection spots. Heavily infected leaves studded with pyenidia (Fig. 9 A) 


died prematurely. As the new leaves develop they become infected 
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also. In the spring after growth starts the spots gradually change to 
a more elongate or linear form, becoming reddish-brown in color. They 
finally become somewhat light colored in the olders areas (Fig. 10). The 
spot is at first more or less delimited by the larger veins. The entire 
leaf is finally involved. In certain severe cases of infection, there was 
not a square centimeter of healthy leaf blade tissue at blossoming time. 
The flag leaf and the next three leaves down the culm become com- 
pletely involved in a very short time after once infected. They were 
prematurely killed, of a characteristic brown color, hanging down from 
the ligule; they beeame hard and dry and curled backward from each 
margin. 

In the greenhouse the first symptoms that were detected on an inocu- 
lated plant appeared on the eighth day. At this time a slight, barely 
noticeable mottling of the previously uniform, green color took place. 
On the ninth day a decided yellowing was evident. After ten or eleven 
days the central portion of the light colored spot began to die and turn 
brown. At this time small, very light brown dots were detected in the 
lighter areas of the leaf, with the aid of a hand lens, After thirteen days 
the central portion of the spot was completely killed (Fig. 10 A), the 
pyenidia being plainly visible as brown dots. This is a deseription of 
one extreme, the other extreme is that the color of the infected areas 
remained green while the areas between the places of infection became 
yellow, light colored and finally died leaving the infected areas as ‘‘green 
islands’? on the apparently dead leaf blade. These two extremes and 
all variations between were involved in the reproduction of the disease 
in the greenhouse. 

CAUSAL ORGANISM 


Taxonomy 


Septoria tritici Desm. was described on wheat in 1842 by Desmazieres 
(10) in France. He gave a complete description of the organism and 
the disease. The next year he (11) described S. graminum on dry leaves 
of grasses (in foliis siccis graminum). This he deseribed as very similar 
to S. tritie/. In fact he regards these two species so similar as to include 
them later (12) under the same specific name, reducing S. tritici to 
varietal rank under the specific name graminum. This usage was sub- 
sequently followed by others and still others (5, 14, 20), have applied 
the species name alone (S. graminum) to the fungus on wheat. The 
distinguishing features between these fungi are, according to Des- 
mazieres, that in S. graminum the pyenidia (called perithecia by him) 
are smaller (invisible) and closer together than in S. ¢tritie? and the 
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pycnospores are narrower and slightly enlarged at one end. He gave 
the length of the pyenospores of the two species as practically the same 
and did not give the exact width in either case. Passerini (24) gave 
the first complete measurements of S. graminum, stating that the pye- 
nospores are from 1 to 1.25y. in diameter. Cavara (5) gave 1.5 to 2.0u 
as the width of the pyenospores of S. tritict. Heretofore the size of the 
pycnospore has been the only means of distinguishing between the 
two organisms. Cavara (5) suggested that S. graminum and S. trities 
were merely specialized strains of the same organism. Mangin (19) 
did not find S. tritied attacking wheat. He coneluded that S. graminum 
was the only organism affecting wheat in France and that the pyeno- 
spores were often 2y wide.  Prillieux (27) and Ferrais (13), however, 
report S. tritici in France and give the diameter of the pyenospores as 
ranging from 3 to 5u and 2.5 to 5u respectively. Voglino (36) stated 
that these two species of Septoria would be separated only by artificial 
culture work. Beach (1) considered that the organism found in Illinois 
was morphologically more like S. tritici Desm. than S. graminum Desm. 
and that since S,. tritied Desm. was the first described he called the organ- 
ism he found in Illinois Septoria triticy Desm. Numerous collections 
have been made from wheat fields in this vicinity at all seasons of the 
vear for the past two years and specimens have been sent from Virginia, 
Indiana, North Carolina, Kentucky, Alabama, Illinois, Kansas, Nebraska, 
Minnesota, North Dakota, South Dakota, Oregon, and California, 
and in all of this infected material were found lesions comparable to 
those of the type material of S. tritici and pyenospores that measured 
more than 1.5u in diameter. The pyenospores measured on an average 
2.5 to 3% in diameter with extremes at 1.54 and 4. 

Through the kindness of Dr. Etienne Foéx of Paris, portions of the type 
material of both S. trit/e? and S. graminum have been examined. The 
type, Septoria graminum Desm., is distinct from species collected on 
wheat near Madison, Wisconsin. In the type material the lesions on 
the leaves are long, narrow and decidedly limited by the veins. The 
pyenidia are indistinguishable to the unaided eye except by careful 
examination. 

They are seriately arranged parallel with the veins of the leaf. “The 
pycnospores measured 1 to 1.5 by 30 to 50u. 

In contrast the Septoria lesions on wheat in- this vicinity are circular 
to oblong, more or less limited by the veins. The pyenidia are readily 
seen without a lens and are more or less scattered. The pyenospores 
measure 1.75 to 3 by 40 to 75u. By direet comparion it is evident 
that the Septoria organism on wheat in this vicinity is not Septoria gram- 
inum Desm. 
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On the other hand, type material of S. tritici Desm., furnished by Dr. 
Foéx compared very favorably with the organism found on wheat 
in this vicinity. The pyenospores from the type material measure 
2 to 3 by 40 to 75u. and the pyenidia and lesions are very similar to those 
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Fig. 11. Photomicrographs of S. tritici in artificial culture A. Growth 24 hours 
after placing pyenospores on potato-dextrose agar. B. Same 48 hours later. D. Hya- 
line hyphae bearing conidia. C. Olivaceous hyphae from same colony partly shown 
in D. 
found on the Wisconsin material. The two undoubtedly belong to the 
same species. 

It is observed from the original description of Desmazieres (10) that 
Septoria graminum Desm. was not described on wheat; this is evident 
from the fact that the type material does not appear to be on wheat 
nor does the original description sostate. Furthermore, Desmazieres (11) 
had previously described Septoria tritici on wheat. It seems probable 
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that he (12) established the species S. graminum to include Septorias 
with pyenospores very similar to the type found on many wild grasses. 
He then apparently chose the name graminum for the more generalized 
usage, since it seemed more appropriate for this than ¢tritic?. He then 
listed S. triciti as S. graminum var. b. tritic’ signifying a variety special- 
ized to wheat, and the form on oats as S. graminum var. c. avenae sig- 
nifying a variety specialized to oats. Desmazieres (10, 11) did not dis- 
tinguish the varieties b. tritie/ and c. avenae from the type S. graminum 
on pycnospore characters. He gives only the length of the pyenospores 
of var. b. tritici and states that the pycnospores of var. ¢. avenae are 
identical with the type. However, it is noted in the original description 
of S. graminum that the pyenospores are a little more slender than they 
are in S. tritie?. 

It is apparent from the evidence at hand, that in any case the proper 
name to apply to the form on wheat isS. tritici Desm. It wasestablished 
first and was described on wheat. Septoria graminum was described 
later and was not described on wheat. Hence in this paper the writer 
accepts, for the form on wheat leaves, the name Septoria tritici Desm. 


Morphology 


Mycelium.—In artificial culture media S. tritici develops two types 
of mycelium. One type is hyaline, thin walled, septate, branched, 
conidia bearing, 1.5 to 24 in diameter (Fig. 11 C). The other type is 
olivaceous, black in dense masses, walls about twice as thick as in the 
hyaline hyphae, branched, more closely septate, non-conidia bearing, 
and 2 to 2.54 in diameter (Fig. 11D). The young hyphae are more 
or less homogeneous while cells of the older hyphae are more or less 
filled with vacuoles. 

Pycnidia.—Pyenidia are subepidermal, in sub-stomatal chamber, 
globose to subglobose (Pl. XX XIII, B and Fig. 4), in rows parallel to the 
vascular strands (Pl. XX XV, A), brown to black, wall smooth, pseudo- 
parenchymatous, 1 to 3 cells thick, 80 to 150 in diameter. Ostiole 
circular to oval, slightly raised, 12 to 20u in diameter. 

Pycnospores.-~Pyenospores are slender, cylindrical, straight or slightly 
curved, hyaline, 3 to 7-septate, ends rounded, contents homogeneous or 
slightly guttulate, 1.75 to 2.7 by 39 to 70u, averaging 2.2 by 50u. for the 
summer spores, and 2.5 to 3.5 by 52 to 85u averaging 3 by 76u for the 
winter spores. 

As noted pycnospores collected in winter have been found to be con- 
siderably larger than those collected in summer. Beach (1) was the 
first to record this. The writer has found that in winter the pyenospores 
average 1 to 1.5 wider and 15 to 20u longer than in summer, 
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In the greenhouse several pots of seedlings of Triticum asetivum (Mar- 
quis) were inoculated with pyenospores of S. tritici Desm. collected 
on winter wheat leaves in February. These pyenospores were dis- 
tinctly longer and slightly thicker than pycnospores collected on wheat 
in July. Other plants were inoculated with the shorter pyenospores 
collected in July. Typical symptoms developed after eight or nine 
days and pyenidia were found on the blotches on the leaves after two 
weeks. 

The symptoms developed on the two series of inoculated plants were 
similar. The lesions produced and the pyenidia formed were typical in 
both cases. Pyenidia and pyenospores were examined under the mic- 
roscope and in both cases they were alike. The pyenospore measure- 
ments were within the limits given for summer spores and in no case were 
pycnospores found that compared in length with the pyecnospores collect- 
ed in February. These experiments confirm results obtained by Beach 
(1) who conducted similar experiments. It appears from these experi- 
ments, which were repeated four times, that the pyenospores of S. tritici 
Desm. are variable as to measurements at different seasons of the year. 
Table 2 shows the results of these experiments. 


TABLE 2 


Summary of inoculation experiments on Triticum aestivum showing type of pycnospore 
produced when “‘winter’’ and “‘summer’’ types of pycnospores were used as inoculum. 


Number of leaves Type of pyenospore 
Date Date 
of of used as repro- 
inoculation inoculated diseased observation inoculum duced 
in new 
lesions 
Feb. 10 24 18 short short 
25 20 Feb. 26 long short 
Controls 0 none none 
Feb. 20 20 20 short short 
14 12 Mar. 10 long short 
Controls 0 none none 
IS 16 short short 
Feb. 27 23 20 Mar. 15 long short 
Controls 0 none none 
10 10 short short 
Mar. 4 15 14 Mar. 18 long short 


Controls 0 none none 
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Conidia.—Conidia which resemble the pyenospores very closely have 
been noted on inoculated wheat leaves in the green house and in abun- 
dance on artificial culture media. From these two sources the conidia 
are almost indistinguishable. The conidia, first referred to by Janezew- 


4 \ 


Fig. 12. Germinating pyenospores of S. tritici. 
A.and B. Twenty-four and 48 hours growth respectively on potato-dextrose agar. 


ski (17), are produced as secondary spores from the germinating pyeno- 

spores as shown in figure 14A and F. The conidia are cylindrical to 

fusiform, straight, or curved, ends rounded, hyaline, 3 to 7-septate, 

homogeneous or slightly guttulate to vacuolate, 2 to 3 by 35 to 65u. 

They are pathogenic in a manner parallel to the pycnospores. 
Perithecia.—Not known. 
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Physiology 


Cultural studies..—Septoria tritici Desm. was secured in pure cultures 
on potato-dextrose agar by obtaining pycnospores from pyenidia col- 
lected on wheat leaves. The infected wheat leaves were soaked in water 
for a few minutes which caused the pyenospores to exude from the pye- 
nidia. The spore suspension was then spread on the surface of slightly 


Fig. 138. Pyenospores of Septoria triciti suspended in water and incubated for 24 
hours at different temperatures as follows; A.2-3° C.;B. 7-8° C.; C. 10-12° C.; D. 14-16° 
C.; C. 18-20° C.; F. 22—24° C.; G. 28-30° C.; H. 32-36° C. 


acidified potato-dextrose agar plates by means of a platinum loop. After 
incubation for 24 hours (Fig. 12 A), single, germinating spores were 
transferred to potato-dextrose agar in culture tubes. The colonies 
of conidia which developed for five days (Fig. 8 B) were pinkish or flesh 
colored, somewhat circular, convex, smooth, with a more or less irregular 
margin. This is in general agreement with conditions reported by 
(Cromwell (7). After five to ten days mycelium was observed protruding 
from the margins of colonies. This mycelium was of two kinds (Fig. 11 
C and D). One was straight, branched and hyaline, it produced lat- 
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eral conidia in great profusion but did not grow to any considerable 
length. The other developed at the same time or a few days later was 
somewhat coarser. The hyphae were undulating, branched, and of an 
olivaceous color. These hyphae grew rapidly and to considerable 
length, branched, and intertwined, forming a black mat of hyphae 
around the pink colonies. This dark colored mycelium did not produce 
conidia. After two weeks the surface of the colony began to turn dark 
colored and after four weeks it had a black stroma-like covering. Pye- 
nospores were transferred to a number of different media and resulting 
growth showed strikingly different cultural characteristics. On potato- 


Fig. 14. Growth from pycnospores of Septoria tritici on potato-dextrose agar 
incubated 48 hours at different temperatures. A. 6-8° C.; B.10-12°C.;C. 14-16°C.; 
18-22° C.; EB: 26-30° C. 
dextrose agar the growth was very much as noted above except that after 
the first week the surface began to become wrinkled. The growth 
heaped up and formed folds (Fig. 15 A and B 3), later turning black. 
On nutrient agar no dark coloring took place, otherwise it developed 
very similar to the development on potato agar, but very much slower. 
On oatmeal agar the growth was similar to the growth on potato agar 
until the whole surface became black. White mycelium then began to 
to develop and after four weeks it had completely covered the black 
surface of the culture. Tranfers were made from the conidia and from 
the mycelium and after several successive transfers the cultures from 
conidia developed only conidia and those from mycelium developed 
only white myeclium. Pyenidia, containing pycnospores very similar 
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to those collected on wheat leaves, were developed on both potato and 
oatmeal agar cultures. Perithecia have not been found. Isolations 
from the large pycnospores developed in winter and those from the 
smaller pyenospores developed in summer are indistinguishable in cul- 
ture. 

Relation of temperature to growth in culture —Pyenospores from wheat 
leaves were isolated and transferred singly to each of a number of potato 
agar culture tubes and incubated at different temperatures for ten days. 
The greatest amount of growth took place at from 20 to 24°C. Above 
and below this temperature the amount of growth was less; there was 
no growth below 6° C. nor above 32° C. 

Relation of acidity and alkalinity to growth in culture.—Several series 
of test tubes containing 10 cc. each of potato-dextrose agar were made 
up, their hydrogen-ion readings ranging from pH 2.5to pH9.2. Con- 
idia grown in culture were transferred to these agar tubes and incubated 
for twelve days. It was found that vigorous growth took place on all 
cultures in each series with pH readings between 3.8 and 8. Below 
pH 3.8 and above pH 8 growth was retarded. There was considerable 
difference in the color of the organism in the different cultures. The 
organism growing at pH 2.5 was of a vivid pink color and the one grown 
at pH 9.2 almost white. Different shades developed between these 
extreme colors, depending on the hydrogen-ion concentration. A band 
of black hyphae developed (Fig. 15 A) around the margin of the mass 
of pink spores in each of the cultures except at a pH of 9.2. This band 
became wider and more dense in the cultures of the series up to pH 6.2 
where the maximum amount of black hyphae was produced. ‘Toward 
the alkaline end of the series this black color diminished and at pH 9.2 
there were no black areas whatever in the culture and spore mass was 
white. 

Spore germination.—Conidia and pyecnospores showed no difference 
in manner of germination. Conidia grown in culture behaved the same 
in germination as pycnospores grown in culture. In water there was 
evidence of germination after four hours. On potato-dextrose agar the 
spores enlarged considerably and from three to seven septa were evi- 
dent after about six or seven hours. From 1 to 4 buds appeared close 
together along the sides of the spore, usually near the septa (Fig. 11 A). 
These buds developed into conidia-like bodies as described by Jaczew- 
ski (17) and after from 24 to 30 hours germinated. In this way colonies 
of conidia developed as previously described. Very scant mycelium 
was found at this time (Fig. 11 B). The mass of conidia became dense 
and heaped up as shown in Figure 8 B. 
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Relation of temperature to germination.—Series of germination experi- 
ments of pycnospores from wheat leaves were conducted in the different 
chambers of a graduated incubator both on potato-dextrose agar and 
in hanging drops of water. In each case the cultures were incubated 
for 24 hours, when certain observations and camera lucida drawings 
were made (Figs. 13 and 14). In the water cultures at the lowest tem- 
perature (2 to 3°C.) a hyaline tube, which appeared to be empty, had 
developed. Some swelling had taken place but no septa were visible. 
At 7 to 8°C. and at 10 to 12°C. afew conidia developed, but their for- 
mation was not regular, empty cells being frequently found. Some 
septation had taken place. At from 14 to 24° C. germination was more 
uniform. The conidia appeared to be normal and the septa were regular. 
At from 28 to 34°C. extensive swelling occured. There was also visible 
septation but little or no germination. Certain cells tended to become 
thick walled and chlamydospore-like, especially at the highest tempera- 
ture (32 to 34°C.). The most favorable temperatures for germination 
in water were 22 to 24°C. Little or no germination took place at 2 to 
3° C. or at 33 to 34° C. On the agar cultures the pyenospores germinated 
in much the same manner as they did in water, except that the germi- 
nation seemed to be somewhat slower. The minimum, optimum, 
and maximum temperatures for germination were relatively the same 
in each case. 


Pathogenicity 


S. tritici is pathogenic on the leaves or leaf sheaths only of the host 
plants. Infected wheat plants have been collected during every month 
of the year. This disease was most destructive on seedlings of wheat 
upon which it has been found from the time they appear above the ground 
(Pl. XXXIV, A). The fungus will develop in late fall or early spring, 
when temperature conditions are not favorable for the rapid development 
of the seedlings. At this time the seedlings are rapidly overcome by the 
fungus and very often killed. The organism was isolated from wheat 
leaves in the usual manner. Several days after the pycnospores were 
transferred to culture tubes the colonies had spread over the surface 
of the agar and ten days after the cultures were made conidia were 
formed. The conidia were suspended in distilled water and sprayed 
by means of an atomizer on the leaves of wheat seedlings. The seed- 
lings were kept in a moist chamber for three days immediately following 
inoculation and then removed to a greenhouse bench. Fight or nine 
days after inoculation a yellow mottling began to appear on the leaves 
and after 13 to 14 days mature pyenidia had developed on the yellowed 
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areas which began to die and become brown. Pyenospores, which 
compared in every respect with the pyenospores originally used, were 
isolated from the artificially produced pyenidia as formerly described. 
They were carried in culture with a parallel series of cultures from the 
original material and no differences were noted. 

Cross inoculations with S. tritici.—Beach (1) conducted a number of 
inoculation experiments in which he used several cereals and grasses 
as hosts. He reported negative results however for all plants tried 
except Triticum vulgare. The writer conducted inoculation experi- 
ments both in the greenhouse and in field plots on about forty species 
of host plants including the cereals and certain related grasses. The 
inoculum in the form of a pyenospore suspension was applied by 
atomizers. The inoculated plants were covered with paper bags for 
periods of from 48-72 hours depending on weather conditions. The 
bags were then removed. ‘The results are given in table 3 and shown 
diagramatically in figure 16. 


TABLE 3 


Summary of results ficm inoculating various grains and grasses with Septoria tritici Desm. 


No. of leaves No. of leaves 


Hosts of in- Hosts of in- 

‘oculum!|!noe- | Dis- oculum! | Inoe- | Dis- 
ulated eased | | ulated leased 
| 1 | 153 | 0 | 1 179 0 
Avena | 2 | 21 | O v. 2 34 | 
barbata 7 0 | nigrum 3 8 0 
] 137 0 ] 188 0 
A. brevis 2 25 o fH. v. 2 | 36 0 
3 6 0 pallidum 3 15 0 
133 | O JH. 1 475.44 0 
A. fatua 2 32 0 trifurcatum 2 28 0 
3 & 0 3 7 0 
1 152 0 | Triticum 1 156 122 
A. nuda 2 26 0 aestivum 2 33 17 
chinensis 3 7 0 (Marquis) 3 15 9 
1 31 0 |\T. a. lutes- 1 158 121 
A. sativa 2 14 0 cens (Har- 2 35 8 
(C. I. 1375) 3 0 0 vest Queen) 3 13 4 


1The sources of inoculum are as follows: 1. Pyenospores from wheat species. 2. 
Pyecnospores from rye. 3. Pyenospores from Poa pratensis. 
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No. of leaves 


| 
Sources Sources 
Hosts of ine Hosts 
oculum | Inoc- | Dis- oculum | Inoe- | Dis- 
lulated eased ulated eased 
1 28 0 |\T. a. miltura | 1 136 163 
A, sativa 2 | 1] @ (Red Wave) | 2 23 13 
(Culbertson) 3 9 0 3 9 7 
A. sativa 1 126, 0 |} 1 149 82 
nigra 2 39°, 0 |T.compactum | 2 36 17 
3 | 0 6 
1 137 0 1 142 95 
A. sativa | 2 19 0 ||T. dicoccum 2 24 11 
orientalis | 3 11 0 barrum 3 5 3 
1 118 | 0 | 4 197 139 
\. sterilis (a) 2 28 0 | T. dicoceum 2 se | 8 
| 3 11 0 atratum ee: 11 4 
12 | 0 | 4 140 | 102 
A. sterilis | 2 6 | O | T. durum | 2 26 13 
(low belt) | 3 i 0 | 3 15 9 
A. sterilis | l 18 | O | 154 105 
(Rust | 2 11 0 |T. monococeum 2 44 22 
proof) 3 0; O | 3 11 7 
A. sterilis (b) 2 22 0 |/T. polonicum 2 31 11 
3 10 0 | a 12 5 
1 152 0 1 186 129 
\. strigosa 2 22 0 \|T. spelta 2 31 10 
3 3 21 10 
1 | 149 0 | 1 148 115 
Hordeum 2 29 0 |/T. turgidum 2 28 14 
deficiens | 3 10 | O 3 7 + 
H. horsfordianum| 1 | 161 | 0 | 144 95 
0 Secale 2 49 40 
(Oregon) } cereale 3 23 3 
H. horsfordianum 166 0 
| 2 | 34 0 || Agropyron 2 33 0 
(S. Dak s$ i 8 0 repens 3 17 0 


| 


192: 


bo 


Hosts 


H. jubatum 


H. distichon 
erectum 


H. distichon 
nudum 

H. distichon 
nutans 


H. vulgare 


coerulescens 


Hl. v. hexa- 
strichum 


H. v. himalaya 


(‘haetochloa 
italica 


Chatocholoa 
viridis 


Cynosorus 
eristatus 

Kechinochloa 
erus-galli 


WEBER: 


No. of leaves 


Sources 


of in- 


oculum! 


Inoc- Dis- 


ulated eased 


1 79 0 
) 0 0 
12 0 
l 173 0 
2 31 | 0 
11 | O 
165 | 
| O 
4 0 
l 164 0 
2 23 0 
6 | 0 
I 166 | 0 
2 28 | 0 
3 i0 | O 
1 | 152 0 
2 | 27 | 0 
; | zio 


147 | 0 
» | 94 0 
) 13 0 
24 0 
17 | 
710 
10 
0) 0 
12 0 
9 
0 
153. 
22 0 
3 3. 0 


SEPTORIA DISEASES OI 


Hosts 


|| stis 
platonifera 


|| Andropogon 
nirtus 

| 

Andropogon 

| sorghum 


Arundo 
| 
arenaria 


Astre bla 
triticoides 


fle 


inermis 


|Microlaena 
| stipoides 


| 
Panicum 


brizanthum 


| Panicum 

| clandestinum 
| 

| 


| Panicum 


floridum 


WHEAT 


No. of leaves 


Sources 


of in- 

oculum | Inoe- | Dis- 
ulated | eased 

14 0 
2 0 0 
3 0 0 
1 10 0 
2 0 0 
3 0 0 
14 | 0 
2 0 | 0 
3 0 | 0 
l 9g 0 
2 0 | 0 
3 0 0 
l 15 | 0 
2 0 0 
3 0 0 
J 7 0 
2 0 0 
I 91 0 
11 0 
3 7 | 0 
1 16 0 
2 0 0 
3 0 0 
I 17 0 
2 0 0 
3 0 0 
1 QS 0 
- 23 0 
6b 0 
I 7 0 
0 0 
3 0 | 0 
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perenne 


S No. of leaves No. of leaves 
Sources Sources 
Hosts of in- | Hosts | of in- 
oculum Inoe- Dis- | oculum Inoc- Dis- 
ulated eased ulated eased 
14 QO | ] 125 0 
Eschlaena 2 0 0 | Pennisetum 2 i7 0 
luxurians 3 0 0 glaucum 3 9 0 
11 0 | 139 52 
Festuca 2 0 0 |/Poa 2 31 12 
arundinacea | 3 0 0 pratensis 3 13 11 
1 i4 0 | 1 8 0 
Holecus 2 0 0 |\Poa 2 0 0 
halepensis 3 0 0 || trivialis 3 0 0 
1 9 0 
Lolium 2 0 0 
3 0 


Table 3 and figure 16 show that Septoria tritici is confined to the 
wheat species, rye, and Poa pratensis. This disease has been reproduced 
on these hosts consistently and has never been found on any of the 
other inoculated grains or grasses. 

During October, 1920, several plants of each of 250 winter wheat vari- 
eties were inoculated with a pyenospore suspension of Septoria tritict. 
The inoculated wheat seedlings were covered with petri dish covers 
for 48 hours immediately after inoculation. Approximately two weeks 
after inoculation data were taken which showed 100 per cent infection 
in all varieties with the exception of five which had been destroyed 


by rodents. 
CAUSAL ORGANISM IN RELATION TO THE PRODUCTION OF THE DISEASE 
Seasonal development 


During every month of the past two years viable pycnospores have 
been collected in the field in the vicinity of Madison, Wisconsin. There 
has always been an abundance of pyenidia on dead wheat leaves during 
the winter months. Early in spring when the winter wheat plants resume 
growth, the pycnospores which exude from the pyenidia as a result 
of the early rains germinate. Following infection irregular blotches 
appear on the wheat leaves. In these irregular, light colored blotches 
black, speck-like pycnidia form. As the wheat plants develop the 
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newly unrolled leaves become infected. In favorable springs, that is 
when there are abundant warm rains and foggy and cloudy days, the 


‘ 


Fig. 15. A. Growth of Septoria tritici on potato-dextrose agar adjusted to differ- 
ent degrees of acidity and alkalinity from pH 2.5 to pli 9.2. Note blackening around 


organism at ail except pH 9.2 (extreme right). B.Growth of S. tritici on different 
artificial culture media. Cultures incubated at room temperature for 28 days (removed 
from culture tubes). (1) On oatmeal agar; (2) On nutrient beef broth agar; (3) On 


pot ato-dextrose agar. 


fungus invades the whole plant and sometimes kills it. When the 
culms lengthen infection usually decreases. However, in certain ex- 
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perimental plots of Blue Stem wheat during June, 1921. at Madison, 
Wisconsin, the spread of the disease on the plants was not lessened 


1 


and at blossoming time every leaf including the flag leaf was entirely 
killed. This was possilly an exe puionally heavily diseased plot but 
nevertheles It showed how compl tely ] lants might b ‘come invaded 
After the flowering stage very little new infection took place until volun- 
teer seedlings began to appear in August and September. These seed- 
lings became heavily infected but they were seldom killed by the dis- 


ease because of their rapid growth. These volunteer seedlings which 
become infected from the old infections on old straw and stubble are 
very important in the spread of the disease. ‘1 hey serve to carry over 
the disease from harvest io the time the fall plantings of winter wheat 
are up., The seedlings of the fall plantings are usually sufhiciently de- 
veloped by October 1 to become infected and the source of infection is 
largely from volunteer seedlings. During late fall when the plants 
grow more siowiy the fungus spreads to all parts of them and in certain 
experimenta DIOtS serious losst Ss were Ol served due to this disease, 
Marly fall plantings were injured to a less extent than late October and 
November plantings. some loss was observe d, however, on the early 
plant d grain. In certain plots as Many as o per cent of the tillers were 
killed but a whole DiIant Was hevel found completely destroyed by the 
fungus. In late plantings small plants may be killed by the attack 
of the fungus; during the winter months the pycnospores retain their 


viability but the lesions do not enlarge. 


Mode of Overwintering, Viability and Longevity of Pycnospores 


As previously Stat d, 


he fungus has been collected during the winter 
months of two succeeding years and the pycnospores were found to be 
viable throughout the winter. A number of heavily infeeted wheat 
leaves were collected in July, 1920, and placed out of doors on the ground. 
During the winter of 1920 and 1921 infected leaves were taken to the 
laboratory and the pycnospores tested for viabilitv. At no time during 
the winter did the pereentage of germination fall below 86 per cent. 
The pyenospores, when retained in the pyenidia, survived the winter 
very readily. 

The 


‘viability of the pyenospores was not materially changed during 
the fa 


|, winter and ring months, but beginning with the summer 
months, when the pvenospor became a year old, some decrease in 


viability was observed. This decrease was not caused by the warm 


dry weather alone. because pycnospores collected in spring and kept 


during the summer showed no decline in viability. It was, therefore, 
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concluded that the age of the spore was an important facter in viabil- 
ity and that its decrease was due to age and warm dry weather together. 
Pycnospores kept in the laboratory in a pasteboard box showed a slight 
decrease in viability after six months. At the end of the year the per- 


TRITICUM SP P. SECALE CEREALE 
1582 138 
2269 256 
MILLETS. AGROPYRON REPENS 
623 216 


SEPTORLA TRITICI 


HORDEUM SPP. BROMUS INERMIS 


163 1630 


POA PRATEES IS AVEMA SPP. 


Fig. 16. Diagram showing results given in table 3. The source of inoculum is 
shown in the circle, the hosts inoculated in the rectangles. The denominator of the 
fraction designates the number of leaves inoculated and the numerator the number 
of leaves diseased at the end of 15 days. Arrows indicate infection. 


centage of viable spores had decreased 50 per cent, and at the end of 
eighteen months to from 30 to 35 per cent. Sixty per cent of the pyc- 
nospores kept out of doors germinated after eighteen months. 
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Modes of Dissemination 


On November 1, 1920, the dead plants of winter wheat heavily in- 
fected with Septoria tritici and thickly studded with pyenidia, were tied 
into small bundles with a cord. Theleaves were left attached to the plant 
and the cord was tied to a firmly driven stake. On April 1, 1921, the 
bundles were collected. Instead of finding the leaves as they were left in 
the fall only short pieces were found which had been protected by the knot 
in the string and at which place the leaves had resisted disintegration 
by being closely packed together (Fig. 9 B). The parts of the leaves 
not held by the string had entirely disintegrated and were disseminated 
during the period between November 1, 1920, and April 1, 1921. The 
wind was probably the greatest agent of dissemination. It carries 
disintegrated leaf tissues containing pyenidia and the free pyenidia 
themselves. The wind, however, is probably not as important as rain 
in scattering the pyenospores. The wind may scatter the pyenidia 
over long distances and the rain by splashing the pycnospores enlarges 
the range of infection from a single pyenidium. ‘The pyenospores be- 
come very evenly distributed during rainy days. The writer has ob- 
served that following such rains the prostrate leaves became more 
heavily infected than those that remain erect. 


Time and Mode of Natural Infection 


In the vicinity of Madison, Wisconsin, wheat plants have become 
infected during every month of the year except January and February. 
During the late fall and early spring the amount of new infection was 
less than during the late spring, summer and early fall. 

The mode of infection was studied on leaves of wheat inoculated with 
pyenospores in the greenhouse. The leaves were sprayed with a water 
suspension of pycnospores of S. tritici by means of an atomizer. The 
plants were placed in a moist chamber immediately after inoculation 
and left there for 48 hours. They were then placed on a bench in a 
greenhouse kept at a temperature from 65 to 75° F. Every twelve hours 
for a period of six days after inoculation, pieces of inoculated leaves 
were placed in a solution of equal parts of 95 per cent alcohol and glacial 
acetic acid. They were left in this solution for at least 24 hours during 
which time the solution was changed once or twice. As a result the 
cells were killed with very little plasmolysis and the chlorophyll was 
removed. The pieces of leaf were white after 24 hours. They were 
then submerged for 15 or 20 minutes in Pianeze IIIb stain as used by 
Vaughan (35). The pieces were then washed in water and examined 
under the microscope. The pyenospores and mycelium were stained 
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a dark blue and the host tissue was slightly tinged red. By examination 
in this way the extent of growth and place of penetration were readily 
seen. After penetration had taken place the method of staining the 
leaf pieces was changed somewhat. The stain was diluted with three 
to five parts of 25 per cent alcohol, and the pieces of leaves were left in 
the stain for from 18to24 hours. This stained the whole pieces dark 
blue. They were then washed in water, passed through 95 and 100 
per cent alcohol respectively and then put in carbol-turpentine to clear. 
When cleared the leaf pieces were .passed through xylol and mounted 
in Canada balsam. ‘The leaf tissue was slightly bluish-green while the 
fungus was a deep rose. The fungus was most easily detected on the 
surface of the leaf after it was washed in water and before it was placed 
in alcohol. When placed in alcohol the blue color of the fungus dis- 
appeared leaving it rose-red. Examination of a large number of pieces 
of leaf tissue prepared in this way showed that the germ tubes penetrated 
the cuticle at a point directly above adjacent walls of the epidermal 
cells. They grew down between the epidermal cells into the inter- 
cellular spaces. There was some evidence of stomatal infection but 
such instances were very rare and mycelium entering the stomata were 
not found directly connected to pyenospores of Septoria. 


Period of Incubation 


The incubation period varied from eleven to fifteen days depending 
upon environmental conditions. After inoculation no change in the 
host was observed from the normal until the sixth or seventh day. 
Yellowish blotches began to appear and after eight days the inoculated 
leaves became mottled. On the tenth day light brown specks more or 
less scattered over the light yellow blotch were observed by the aid of 
a hand lens. These specks, the pyenidia, darkened and finally became 
black. During May and June the period of incubation was the shortest 
observed, being only eleven days. The longest periods required for 
the reproduction of the disease was during the late fall when the tem- 
perature was comparatively low. 


Pathological Anatomy 


The study of the pathological anatomy of the disease was made 
possible by the use of Pianeze IIIb stain and methods already described. 
At the time the first symptoms appeared on the leaves it was found that 
the mycelium of the fungus had invaded a large portion of the light 
colored blotch. After penetration and growth down between the epi- 
dermal cells the hyphae branched and single strands often grew parallel 
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with the epidermis directly under it (Pl. XXXVI, A and B), in various 
directions but most commonly lengthwise of the leaf. ‘The side branches 
followed very closely the wall of the cells that were adjacent to the 
epidermal cells. The septations and vacuoles in the hyphae were 
easily seen. Occasionally there was a weft of closely interwoven hyphae 
in the substomatal chamber. At this time these wefts were found to be 
made up either of one or two strands of hyphae which had branched 
once or twice, or of one or two closely interwined balls of hyphae situated 
directly under each end of the stomata in the substomatal chambers 
(Pl. XXXVI, B and C). The hyphal strands that grew deeper into the 
host tissue were rather irregular as to the direction of growth but they 
were always found in the intercellular spaces. It was observed that the 
hyphae grew through the tissue to the lower epidermis. Here they 
turned and grew parallel to the epidermis or turned back again and 
grew deeper into the tissue. No haustoria were observed. The spread 
of the fungus in the host tissue was more or less limited by the vascular 
bundles (Fig. 12 A). The hyphae appeared to be confined to the host 
tissue between the bundles except where the hyphae were very numerous, 
in which case certain of the bundles were killed. Under such conditions 
the hyphae were observed to grow across vascular bundles growing 
directly under the epidermis. When they were past the vascular 
bundle they branched profusely again and grew in all directions. Fur- 
ther examination of the diseased leaf tissues made at the time the pyc- 
nidia were mature showed that the pyenidia always occupied the sub- 
stomatal chamber, so completely filling it as to occasionally crowd 
the parenchymatous cells that bordered on the substomatal chamber 
out of position. The pyenidia were more or less flattened on the top 
next to the epidermis. The ostiole which in culture was circular to 
oval conformed to the shape of the stomata and was without exception 
directly under it. The small oval to lentical shaped cells forming the 
pyenidial wall were compact. The outer cells were covered with mycel- 
ial strands connecting with the hyphae in the adjacent host cells. These 
host cells, a dozen or more in number, adjacent to the pyenidium, which 
were dead and in most cases collapsed and irregular in form, were pene- 
trated by the hyphae. Adjacent to the dead areas host cells have been 
found in various transition stages from dead to healthy. 


SUMMARY 


1. Speckled leaf blotch of wheat caused by Septoria tritici Desm. 
is widely distributed in the wheat growing regions of the world. The 
disease also occurs on rye. 
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2. The disease is of economic importance, locally, during recent 
years especially on wheat. 

3. The disease occurs only on the leaves of the host plants. 

4. The ascigerous stage of the fungus is not definitely known. 

5. The mycelium of the fungus is composed of branched, hyaline, 
septate hyphae. The pyenidia are subepidermal, subglobose, smooth, 
black. The pyenospores are cylindrical, septate, hyaline, 1.7 to 3.4 
by 39 to 86u. During the summer the pyenospores average 2.2 by 
55u. and during winter 3 by 76u. 

6. The fungus grows well on slightly acid, potato-dextrose agar, 
producing mycelium, conidia and pyenidia. 

7. Cardinal temperatures for spore germination are as follows: min- 
imum 2 to 3° C., optimum 22 to 26° C., and maximum 32° C. 

&. Cross inoculation experiments show S. tritici to be pathogenic 
on wheat species, rye and Poa pratensis. 

9. The fungus overwinters in the pyenidial stage, the pycnospores 
remaining viable if retained in the pyenidia. 

10. Infection takes place by direct penetration of the cuticle. The 
germ tube then grows between the epidermal cells and develops further 
between the cells of the parenchyma. Host cells are not penetrated 
until after they are killed. 

11. The period of incubation is from 11 to 15 days. 

12. The mycelium is intercellular, the pyenidia are subepidermal, 
in the substomatal chambers. The pyenospores escape through the 
ostiole. 
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GLUME BiLotcH oF WHEAT 
A. Photomicrograph of a pyenidium of S. nodorum Berk. in cross section and 
a perithecium (below). 
B. Photomicrograph of cross section of a pyenidium of S. nodorum Berk. C. Cul- 
ture of S. nodosum Berk. showing colonies of conidia intermixed with the white my- 
celium. 
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SpecKLED Lear BLotcu or WHEAT 
Seeds sown in August, 1920. Plants 


A. Tillers of winter wheat heavily infected. 
Seeds sown 


collected April 1. 192%. 3B. Seedlings of winter wheat heavily infected. 
in November, 1920. Plants collected April 1, 1921. 
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SPECKLED Lear BiorcH oF WHEAT 
Photomicrographs of portions of wheat leaves infected with S. tritici. A. Showing 
tendency toward limitation of spread of infection by veins. 1, Uninvaded; 2, heavily 
invaded; 3, lightly invaded. B. Leaf sheath showing seriate arrangement of pyenidia. 
C. Leaf blade showing variations in shape and size of pycnidia. D. Showing pyenidia, 


ostiole and escaping pycnospores. 
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SPECKLED Lear or WHEAT 
Photomicrographs showing hyphae and pyenidia of S. tritici in wheat leaves. 
A. Showing the hyphae amongthe parenchyma cells. B. Same as A, showing begin- 
nings of formation of pycnidia below stomata. C. Aggregations of hyphae underastoma 
—an early stage in the formation of a pyenidium. D. Cross section of two mature 
pyenidia imbedded in dead, shrunken host tissue. 
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Aamonrt, O. S., Correlated inheritance in 
wheat of winter-spring habit of growth 
and rust resistance, 32; The inheritance 
of resistance to several biologie forms 
of Puecinia graminis tritici in a cross 
between Kanred and Marquis wheats, 
32; see STAKMAN, E. C. 

Abstracts of paper presented at the 
thirteenth annual meeting of the 
American Phytopathological Society, 
Toronto, Can., Dee. 28-31, 1921, 27- 
60; fifth annual meeting of the Pacific 
Division, Berkeley, Cal., Aug. 4-6, 1921, 
103-8; fourth annual meeting of the 
Southern Division, Atlanta, Ga., Feb. 
20-22, 1922, 250-2; sixth annual meet- 
ing of the Pacifie Division, Salt Lake 
City, Utah, June 22-24, 1922, 442-448 

ApaAms, J. F., Observations on frost 
protection and drouth spot of apple, 
184-187; and Manns, T. F., The corn 
ear worm and kernel rot of corn, 25-26 

Adelia acuminata., host of Pseudomonas 
savastanol, 106, 271-8 

Air, upper, spore content of, 44 

Alfalfa, girdle, experiments on, 188-190; 
infestations by nematode, 105 

ALLEN, Rutu F. 
nature of resistance to stem rust attack 
in certain resistant and susceptible 
wheats, 108; see Macktr, W. W. 

Alternaria radicina, cause of black rot 
of carrots, 157-166; cause of storage rot 
of carrots, 49; cause of new spot of 
tomato, 146-148 


Observations on the 


American Phytopathological Society, Ab- 


stracts of papers presented at the 
thirteenth annual meeting of, Toronto, 
Can., Dee. 28-31, 1921., 27-60; Ab- 
stracts of papers presented at the fifth 
annual meeting of the Pacifie Division 
of, Berkeley, Cal., August 4-6, 1921, 
103-108; Report of the thirteenth 
annual meeting of, Toronto, Can., 195 
204; Abstracts of papers presented at 
the fourth annual meeting of the South- 


ern Division of, Atlanta, Ga., Feb. 20—22- 
250-252; Report of fourth annual meet- 
ing of southern Division, 249; Abstracts 
of papers presented at the sixth annual 
meeting of the Pacific Division of, Salt 
Lake City, Utah, June 22—24, 1922, 442- 
448 

Angular leaf-spot of cotton, control of, 20- 
22 

Anthracnose, hybrid bean resistant to 47; 
of pea, 47; of raspberry, control of, 57 

Aphis rubiphila, agent in disseminating 
leaf-curl and mosaic, 58; 253-64 

Apple, Bellflower, susceptibility to cedar 
rust, 19Q-192; bitter pit. 489-491; 
blotch,canker, origin of, 55; drouth spot 
and frost protection, 184-187; roots 
parasitized by Comandra pallida, 104; 
scab of, 54; seald, control of, 103 

ARTSCHWAGER, E., Occurrence of Phloem 
necrosis in leafroll tubers, 193 

Ascochyta gossypii Sydow, cotton blight 
caused by, 250 

Asparagus, a new disease of, 49 

Aspen, host of Fomes igniarius, 446 

Aspergillus niger, infection of figs by, 442 

Avena sativa, crown rust of, 4, 108; 
formaldehyde treatment for smut, 35, 
36; resistance to stem rust attack, 108; 
treatment with copper carbonate dust 
to prevent smut, 36; host of Septoria 
avenae, 450-470; host of Leptosphaeria 
avenaria; 450-470 


Azuki-bean (Phaseolus radiatus var. aurea) 


mosaic of, 295-7 


Bacillus amylovorus, on Eriobotrya japon- 
nica, 399; A new host for, morphological 
and cultural studies of, 520-524; sum- 
mary of hosts on which reported, 519; 
atrosepticus, melanogenes, phytophtho- 
rus, and solanisaprus, on potato, 444 

Bacterium, citriputeale, relation to en- 
vironmental factors, 107; solanacearum 
new hosts, for, 98; tabacum, wildfire 
disease of tobacco, 51; tumefaciens, 


ge 
| 
Ve 


1 INDEX 


effect on tobacco plants, 56; tumefaciens 
inoculations to cause fasciation, 265-70; 
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NEWHALL, A. G., Spraying and dusting 
for the bacterial and late blights of 
celery in western New York, 48 


‘ppy, D., see Meter, F. C. 

‘gg plant, Cercospora leaf spot of, 61-5 

{LuioTT, J. A., Cotton wilt, a seed-borne 
disease, 50; The Ascochyta blight of 
cotton, 250; and Crawford, R. F. The 
spread of tomato wilt by infected seed, 
428-434 

Im, twig blight of, 47 

injury of potatoes by, 


“mpoasea mali 
37; cause of potato tipburn, 181-4 
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Erodium moschatum, host of Synchytrium 
papillatum, 442 

Evans, N.S., ‘“ Black point” of wheat, 34 

Exoascus sp. on Prunus subcordata, 443 

Eyer, J. R., Notes on the etiology and 
specificity of the potato tip burn pro- 
duced by Empoasca mali Le Baron, 
181-184 

EzEKIEL, W. N., 
cultures, 399 


Photographing tube 


Fasciation due to crown gall, 265-70 

Fauu., J. H., Records for four years on the 
needle blight of Pinus Strobus, 58 

Fawcett, H. 8., A phomophsis of citrus 
in California, 107; The relation of 
citrus blast to certain environmental 
factors, 107; A new Phomopsis of citrus 
in California, 419-424; The relation of 
temperature and other factors to the 
etiology of plant diseases, 448 

FrrNow, Kari, see Bioncett, F. M. 

Fertilizers, their effect on stem rust of 
wheat, 31 

lescue, meadow, net blotch of, 35 

lestuca elatior, net blotch of, caused by 
undescribed Helminthosporium sp., 35 

lig diseases, 107; 442 

hire blight, see Bacillus amylovorus 

Fisher, D. F., An outbreak of powdery 
mildew (Podosphaera leucotricha) on 
pears, 103; Effect of alkaline sprays on 
the size of sweet cherries, 104; The 
parasitism of bastard toad flax (Coman- 
dra pallida A. DC.), 104; see Brooks, 
CHARLES. 

Firzpatrick, H. M., Tuomas, H. E., and 
Kkirpy, R.S., Ophiobolus eariceti (Berk 
& Br.) Sace., cause of take-all of wheat, 


Flax wilt, 409-413 

Fotsom, Donatp and Scuuutz, E. S., 
Potato tipburn in northeastern Maine, 
36; see ScuuLtz, E. 

homes igniarius, on Aspen, 446 

Icot-rot disease of wheat in Kansas, 27 

I rmaldehyde, hot, treatment of potatoes, 
39; treatment, of oats and wheat, 36; 
for prevention of oat smut, 35; for root 
rot, 49; for onion smut, 155; of potato 


unsuccessful under irrigation, 39; of 
seed-wheat, affected by delayed planting 
173-9; use in control of Sclerotinia 
libertiana, 19-20 

Fraxinus americana, host of Torula 
ligniperda, 369-374; floribunda, host 
of Pseudomonas savastanoi, 106; 271- 
278; velutina, host of Pseudomonas 
savastanoi, 106; 271-278 

Frepericu, W. J., see Pertimr, G. L. 

Fromme, F. D., Susceptibility of apple 
root-stocks to black root rot, 54 

Frost protection and drouth spot of apples, 
184-7 

Futon, H. R., Occurrence of Thielaviop- 
sis paradoxa on the cocoanut palm in 
Florida, 398-399 

Fungi, damping-off, cause of root rot in 
pine seedlings, 213-20; new source of 
pure cultures of, 24; Wood-inhabiting, 
staining method for 440-441 

Fungicides, use of the copper acetates, 
279-89 

Fungus cultures, a new source of supply, 
24 

Fusarium, culmorum, cause of wheat 
seedling blight, 28; infected seed corn 
tested in improved rag-doll germinator 
box, 30; lini, 409-413; lycopersici, 
spread of, 428-34; 30; moniliforme, 
cause of kernel rot of corn, 25; of corn, 
251; on wheat and corn, 45; sp., cause 
of gladiolus rot, 53; cause of new dis- 
ease of asparagus, 49; cause of stem rot 
of sweet potatoes, 51; variety of celery 
resistant to ‘‘yellows”’ caused by, 48; 
spp. causing wheat scab and relation to 
hydrogen-ion concentration, 290-4; sp. 
on spinach, 447 


GarDNER, M. W., Origin of apple-blotch 
cankers, 55; and Kenprick, J. B., Over- 
wintering of tomato mosaic, 41; Insects 
as disseminators of plant diseases, 1V. 
Urgent problems of the future, 233-239 

GARDER, W. A., Notes on the physiology 
of the sweet potato, 251 

Germany, plant protection service in, 23-4 

Germinator box, improved rag-doll type, 
30 
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G1Bson, FREDERICK, see Brown, J. G. 
Gitpert, A. H., The correlation of foliage- 
Irish 
potato with variations of the tuber and 
sprout, 40 


degeneration diseases of the 


Gladiolus, Fusarium rot of, 53 

Glume blotch, of wheat, 537-558 

Gloeosporium 
brasiliensis, 388 

CGoprrey, G. H., The stem and bulb 


infesting nematode in America, 52 


alborubrum, on Hevea 


Grasses, take-all disease of, 27 

Grapefruit, notes on two cars from Isle of 
Pines, 106; host of Phomopsis caribaea 
and Diplodia natalensis, 414-417 

’.. T., The relation of rain to 

the formaldehyde treatment of onion 


Crecory, ¢ 


smut, 155 

Gum, red, host of Torula ligniperda, 370 

CGummosis, bacterial, of stone fruits, 103 

Gymnosporangium sabinae, reported from 
Crimea, 534 

HAENSELER, ©. M., A new peach wilt 
disease, 56 

Haun, G. G., see Henacock, G. G. 

Harter, L. L., Field and storage diseases 
of the sweet potato and their control, 
251; and Weimer, J. L. The decay of 
various vegetables and fruits bydifferent 

Rhizopus, 50; 
various vegetables and fruits by dif- 
ferent species of Rhizopus, 205-212; 
see LAURITZEN, J. I. 

Haske R. J., Relation of plant patho- 
logy to the newly organized Science 
Service, 301-2 

Haskell’s method, (dry formaldehyde 
treatment) for oat smut, 35 

Heat, effect of, on wood-destroying fungi, 
59 

Hrpacock, G. G., and Hann, G. G., Two 
important pine cone rusts and their new 
cronartial stages, Part I, Cronartium 
strobilinum (Arthur) Hedge and Hahn, 
comb, nov., 110 116; and Hunt, N. R., 
Part II, Cronartium conigenum (Pat.) 
Hedge. and Hunt, comb. nov., 116-122 


species of Decay of 


Helminthosporium, disease of wheat, 28; 
$47; gramineum, on Hordeum sativum, 


446; heveae on rubber trees, 60; oryzae, 
causing sesame spot disease of rice, 34; 
sativum, optimum temperature for, 447; 
sp., causing black point of wheat, 34; 
sp., causing seedling blight of corn 
affected by soil-temperature, 30; sp. 
undescribed, causing leaf spot of 
Kentucky bluegrass, 35; sp., undes- 
cribed, causing net blotch of meadow 
fescue, 35 

Hemi, TAKEWO, On the occurrence of 
Mycosphaerella wilt of muskmellons in 
Japan, 394-397 

Henry, A. W., see STAKMAN, E. C. 

Hrrpsert, D. A., Bitter pit in apples: The 
crushed cell theory, 489-491 

Hevea brasiliensis, host of Helmintho- 
sporium heveae, 60; Lightning injury 
to, 386-389; host of Diplodia cacaoicola, 
388; host of Gloeosporium alborubrum, 
358 

Hickory, see Carya 

Hicains, B. B., The bacterial spot of 
pepper, 501-516 

Hockey, J. F., see Rankin, W. H. 

HorrNneR, G. R., Data relative to the 
germination of aeciospores, uredinio- 
spores, and teliospores of Puecinia 
coronata Cda., 108; Infection capa- 
bilities of crown rust of oats, 4-15, 33; 
Miscellaneous studies with crown rust 
of oats, 108 

Hopkins, E. F., Varietal susceptibility 
of the yellow Bellflower apple to cedar 
rust, 190-192; The effect of lactic acid 
on spore production by Colletotrichum 
lindemuthianum, 390-393 

Hordeum sativum, host of Helmintho- 
sporium spp., 446-447 

Horne, W. T., A Phomopsis from the 
Isle of Pines, 105; Some notes on two 
cars of grapefruit from the Isle of Pines, 
106; A Phomopsis in grapefruit from 
the Isle of Pines, W. I., with notes on 
Diplodia natalensis, 414-418 

Horse radish, root rot of, 49 ° 

Howarp, N. O., see SNELL, WALTER H. 

Howirrt, J. E., and Strong, R. E., Experi- 
ments with Haskell’s method or the 
so-called dry formaldehyde treatment 
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for the prevention of oat smut, 35; see 
Srone, R. E. 

Husert, E. E., A staining method for 
hyphae of wood inhabiting fungi, 440- 
441 

Humidity, a factor in growth of Diplodia 
zeae, 29 

Humpnurey, H. B., The present status of 
cereal pathology in the United States, 
108 

C. W., Leaf roll, mosaie, 
and certain other related diseases in 
Idaho, 133; The relation of soil moisture 
and soil temperature to bunt infeetion 
in wheat, 108; 337-52; Hosts for 
Puccinia glumarum E. & H. in the 
United States, 444; A fusarium blight 
of spinach, 447; The relation of tem- 
perature and other factors to the etio- 
logy of plant diseases, 448; see RAEDER, 
J. M. 

Hunt, N. R., and O’Donnett, F. G., 
Soil temperatures obtained under a 
steam pan, 53; see Hepacock, G. G. 

Hursu, C. R., The relation of temperature 
and hydrogen-ion concentration to 
urediniospore germination of biologie 
forms of stem rust, of wheat, 353-361 

Hydathodes, relation to potato tipburn, 
305-33 

Hydrogen-ion concentration, relation to 
the growth of the wheat seab organism, 
290-4; relation to spore germination, 
353-361 

Hypoxylon primatum, cause of poplar 
canker, 59 


Infection of wheat seedlings by Helmintho- 
sporium at high temperature, 28 
Inheritance of resistance, to black stem 
rust in crosses between varieties of 

common wheat, 31, 32 

Insects as disseminators of plant diseases, 
225-39; 1. Results of past investiga- 
tions, 2. Systematic relations of carriers, 
3. Control problems, 4. Urgent pro- 
blems of the future 

Ipomoea batatas, decay of, by Rhizopus 
sp., 51; diseases of, and their control, 
251; notes on physiology of, 251; stem 


rot disease, 51; three vears’ certification 
work in Arkansas, 252 

Isaria clonostachoides, description, char- 
acters, morphology, effect on tomato, 
167-72 

Iyencar, M.O.P., and NarastmuHan, M. 
J. A new species of Schizonella, 435- 
438 


Jasminum primulinum host of Pseudo- 
monas savastanol, 106; 271-8 

Jelly-end rot, of potato-tuber by Rhizocto- 
nia solani, 334-6 

Jenntson, H. M., Potato blackleg with 
special reference to the etiological agent, 
444 

JOHNSON, JAMES, Experimental evidence 
relating to the nature of the mosaic 
virus 54; Non-parasitic leaf spots of 
tobacco, 52; The relation of air tem- 
perature to the mosaic disease of pota- 
toes and other plants, 438-440 

Jones, E..5., Relation of temperature, 
soil moisture, and oxygen to the ger- 
mination of the spores of Ustilago ave- 
nae, 45 

Jones, F. R., see VAUGHAN, R. E. 

Jones, L. K., A preliminary report on the 
control of raspberry anthracnose, 57 

Jones, L. R., Whetzel resigns, 499-500; 
and TispaLe, W. B., The influence of 
soil temperature upon the development 
of flax wilt, 409-413 

Juniperus monosperma, mistletoe on, 535- 
536 


Keirr, G. W., Third progress report on 
apple scab and its control in Wisconsin, 
54; see BENSAUDE, M. 

Kempton, F. E., Progress of the barberry 
eradication campaign, 33 

Kenprick, J. B., see GARDNER, M. W 

Kernel rot of corn, 25 

Kirpy, R.S., The improved rag-doll 
germinator box, 30; The take-all 
disease of cereals and grasses, 66-68, 27; 
see Frirzpatrick, H. M. 


Lactic acid, effect of, spore on production 
in Colletotrichum  lindemuthianum. 
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LAMBERT, E. B., and Batty, D. L., Re- 
sult of treating seed of spring wheat 
and oats with copper carbonate dust 
to prevent smut, 356 

LaRvun, ©. D., Helminthosporium hevese 
Petch, in Sumatra, 60; Lightning injury 
to Hevea brasifiensis, 386-389 

LAURITZEN, J. Harter, L. L., 
The species of Rhizopus responsible for 


and 


the decay of sweet potatoes under stor- 
age conditions, 51 

Leacnu, J. G., Leaf hopper injury of pota- 
toes, 37 

Leaf, 


hopper injury of potatoes, 37; hopper 


curl of raspberry, 58; 253-64; 
the questioned cause of potato tip- 
burn, 305-33: roll, testing seed potatoes 
for, IT, 10; roll of potato in Idaho, 133-9; 
roll tubers, occurrence of phloem necro- 
sis in, 193; rust of rve, 33; scorch, of 
strawberry, 375-380 

50: 
non-parasitic, of tobaeco, 52; of egg- 
plant, 61-5; of Kentucky bluegrass, 35; 


Leaf-spot, angular, of cotton, 20-2, 


of tobaeco, 99 

Leak, a transit disease of potatoes, 38 

Ln, H. A., Banana freckle in the Philip 
pine Islands, 101-102 

Lerauty, C. E., see Marns, E. B. 

LEoNIAN, L. H., Stem and fruit blight of 
peppers caused by Phytophthora cap- 
sici, 403—408. 

Lemon, acid and water content of, 107; 
physiological diseases of, 106; host. of 
Phomopsis californica, 419-423 

Leptosphaeria avenaria, ascigerous stage 
of Septoria avenae, 454; physiological 
and taxanomie study of, 445-470; ino- 
culation experiments on various hosts, 
463-467 

Lettuce, 
transit disease of, 48 

LEVINE, MICHAEL, plant 
cancers, I1V—The effect of inoculating 
various quantities of different dilutions 
of Bacterium the 
tobaeco plant, 56 


bottom-rot disease of, 48, a 


Studies on 


tumefaciens into 


Lightning injury, to Hevea brasiliensis, 
386-389 
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Ligustrum ovalifolium, host of Pseudo- 
monas savastanoi, 106; 271-S 

Lime-sulfur, effect of, on size of sweet 
cherries, 104; used for raspberry anthrac- 
nose, 57 

Link, G. K. K., downy mildew; A transit 
disease of lettuce, 48; Leak, a serious 
transit, disease of potatoes, 38; Transit 
diseases; An important factor in the 
cost. of fresh vegetables, 105 

Liriodendron tulipifera, host of Torula 
ligniperda, 369-374 

Lister Institute, a new source of pure 
cultures of fungi, 24 

Loganberry, die-back of, 104 

Lona, W. H., Mistletoeand smeltersmoke, 
535-536 

Lupwia, C. A., The control of angular 
leaf spot of cotton, 20, 50 

Lupine, (Lupinus suksdorfii) parasitized 
by Comandra pallida, 104 

Lurman, B. F., The relation of the water 
pores and stomata of the potato leaf to 
the early stages and advance of tipburn, 


305-33 


MAcINNES, JEAN, The growth of the wheat 
scab organism in relation to hydrogen- 
ion concentration, 290—4 

MacMiiian, H. G., Potato seed treat- 
ments in western states, 39; Influence of 
the meteorological factors on potato 
disease and production in Colorado, 445 

McCrrntock, J. A., The control of Root- 
knot, A progress report, 250 

McCurry, J. B., see RANKIN, W. H. 

McKay, M. B., Occurrence of Tylenchus 
dispaci on alfalfa in Oregon, 105; Thie- 
lavia basicola on watermelon in Oregon, 
445; Distribution of Tylenchus dipsaci 
on wild strawberry in Oregon—Pre- 
liminary report, 445 

McKtnney, H. H. and Metcuers, L. E., 
Foot-rot disease of wheat in Kansas, 27 

McMurpnuy, James, Notes on Synchy- 
trium, 442 

McRostin, G. P., see Dickson, B. T 

Mackir, W. W., and ALLEN, R. F, Re- 
sistance in oats to stem rust attack, 108 
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and Briags, F. N., The use of chemicla 
dust to prevent bunt, 108 

Macrosporium parasiticum, pathogenicity 
of, 50 

Mains, E. B., and Leicuty, C. E., Rye 
resistant to leaf rust, Puccinia dispersa, 
33 

ManevalL, W. E., Germination of Telio- 
spores of rusts at Colubmia, Missouri, 
471-488 

Maney, T. J., see Menus, I. E. 

Manns, T. F., see Apams, J. F. 

Marsonia potentillae, on strawberry, 377 

Martin, J. P., Variation in color of pear 
blight exudate, 399-400 

Martin, W. H., Further experiments 
with inoculated and uninoculated sulfur 
for the control of potato scab, 38; see 
Bispy, G. R. 

Massky, L. M., Fusarium rot of gladiolus, 
53 

Matsumoto, TAKASHI, Some experiments 
with azuki-bean mosaic, 295-7 

Meter, F. C., and Drecus_er, CHARLES, 
Eppy, E. D., Black rot of carrots caused 
by Alternaria radicina, 157-167; cu- 
cumber black rot caused by Mycosphae- 
rella citrullina, 43; Storage rot of carrots 
caused by a new species of Alternaria, 49 

Merneckg&, E. P., Pathology of quaking 
aspen in Utah in relation to regulation, 
446 

Me.cuers, L. E., and Parker, J. H., 
Inheritance of resistance to black stem 
rust in crosses between varieties of 
common wheat (Triticum vulgare), 31; 
see McKinnay, H. H. 

Me tuus, I. E., Mosaic studies, 42; and 
Maney, .T J., Studies on the infection 
and control of crown gall on apple grafts, 
55 

Mercuric chloride, for angular leaf spot 
of cotton, 20-22; for root and stalk 
rot, 30; treatment for root rot, 49 

Mildew, downy, cause of transit disease 
in lettuce, 48; powdery, outbreak on 
pears, 103 

Moisture, relation to spore germination, 
472-473 


Mollisia earliana, perfect stage of Mar- 
sonia potentillae, 377 

Morstartr, H., The Biologische Reichan- 
stalt at Berlin-Dahlem, and the plant 
protection service in Germany, 23 

Mosaic, bean resistant to, 47; cucurbit, 
experiments on, 42; and leafroll, testing 
seed potatoes for—II, 40; of celery, 
151-4; of clover, studies on, 42; of corn, 
250, 252; of potato in Idaho, 133-9; of 
raspberry, 58; 253-64; of tomato, over- 
wintering of, 41; diseases, in relation to 
temperature, 438-440; transmission by 
Physalis longifolia, 42; virus, nature of, 
52; virus of potato, relation of time and 
temperature to killing of potato. and 
virus, 40; of azuki-bean, 295-7 

Moss, E. H., Observations on two poplar 
sankers in Ontario, 425-427 

Musa sapientum, host of banana freckle 
disease, 101 

Muskmelon, host of Mycosphaerella 
citrullina in Japan, 394-397 

Mycosphaerella, citrullina, cause of cucum- 
ber black rot, 43; on muskmelons in 
Japan, 394-397 


NARASIMHAN, M. J., see IyenGaR, M. O. 

Nectria galligena, canker on apple, 105; 
and coceinea, morphological differences, 
442; ditissima, reported from Crimea, 
534 

NELSON, Ray, see Coons, G. H. 

Nematodes, a stem and bulb-infesting 
species, 52; causing root-knot, control 
of, 250; on alfalfa, 105; on strawberry, 
445 

Nematospora parasitic on lima bean, 47; 
phaseoli, on lima bean, 252-532 

Net blotch, of meadow fescue, 35 

NEWHALL, A. G., see Dyn, H. W. 


Oats, see Avena sativa 
Ocremia, G. O., The sesame spot disease 


of rice, 34 

O’ Donne tt, F.G., Printing plate cultures, 
53; see Hunt, N. Rex 

O'Kane, W.C., Crop Protection Institute 
fellowships, 156 
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Olive knot organism, pathogenicity on 
related hosts, 106; 271-8 

Onion, smut, formaldehyde treatment and 
relation to rain, 155 

Ophiobolus cariceti, cause of take-all of 
wheat, 27; cause of take-all of grasses 


take-all of 


and cereals, 27; cause of 
cereals, 66-68 

Orton, C. R., The dissemination of plant 
diseases by seed, 54; see Wriss, 
MAN 

Osmanthus host of Pseudo- 
monas savastanoi, 106; 271-8 

Owens, C. E., see ZELLER, 8S. M. 


Ozonium omnivorum, life history as affect- 


aquifolia 


ing cotton, 250 


Pacifie Division, American Phytopatho- 


logical Society, meeting of, see American 


Phytopathological Society 
Parker, J. H., see Metcuers, L. FE. 
Paxton, G. E., Studies on Helmintho- 
sporium species found on cultivated 
barley in California, 446 
Pea, Colletotrichum pisi on, 47 
Peach, decay due to Rhizopus spp., 205- 
2; control of curculio, brown rot, and 
by dusting vs. spraying, 250; 
140-2; 


roots of, 


seab, 
little peach, dissemination of, 
wilt 
parasitized by Comandra pallida, 104; 
yellows; dissemination of, 140-2 
Pracock, N. D., The less common spray 


materials, 251 


new disease of, 56; 


Pears injured by powdery mildew, 103 

Pear blight, note on color of exudate, 399 

G. L., and Frepericu, W. 
telative susceptibility of citrus plants 
to Cladosporium  citri 
Weather and its relation to citrus scab 
epidemics in Alabama, 57 

Penninaton, L. H., The effect of Cronar- 
tium ribicola upon Ribes, 45 

Peppers, see Capsicum annuum 

Perry, F. R., see BLonaert, M. 

Personals, 156; 194 

Phaseolus lunatus, veast spot of, 525- 

host. of 


525-532 


Massee, 57; 


532; Nematospora phaseoli, 


Philippines, cocoanut bud rot in, 46 

Puiuuips, E. H., Some fig diseases, 107; 
see Smitu, E. H. 

Phloem 


stolons, 193 


necrosis, in leafroll tubers and 
Phomopsis of citrus in California, 107; a 
species from Isle of Pines, 105; caribaea 
on grapefruit, 147; californica, on 
lemons 419-423; temperature relations 
of, compared with P. citri, 422 
Phorodendron juniperinum, smelter in- 
jury to, 535-536 
Photographing tube cultures, 399 
Phragmidium potentillae-canadensis, telio- 
spore germination in, 478 
Phyllosticta nicotiana, a leafspot disease 
of tobacco, 99 
factor in 
tomato mosaic, 41; longifolia, agent in 
mosaic transmission, 42 
Phytopathological Society, American, see 
American Phytopathological Society 
Phytophthora, cause of bud rot, 46; cap- 
sici cause of blight of peppers, 403-408 
Pine, cone rusts, new cronartial stages oJ 
two, 109-122; seedlings, root rot of, 
213-20; white, see Pinus 
western yellow, Polyporus volvatus on, 
494-496 
Pinus strobus, chemical injury to, 59; 


Physalis, a transmission of 


strobus; 


362-368; conditions necessary for in- 
fection by Cronartium ribicola, 148-150; 
needle blight of, 58 

Plant, effect of inoculating 
tobacco with Bacterium tumefaciens, 
56; diseases, dissemination by seed, 54; 


cancers, 


diseases, insects as disseminators of, 
225-39 

Plant protection service, in Germany, 2: 

Plum, decay due to Rhizopus spp., 205-12 

Poa pratensis, new leaf spot of, 35 

Podosphaera leucotricha, on pears, 103 

Polyporus volvatus, on western yellow 
pine, 494-496 

Poote, R. F., Bacterial rot 
radish in New Jersey, 49; 
mosaic, 151-154; Some recent investi- 
gations on the control of Sclerotinia 
libertiana in the greenhouse on the 


of horse- 
Celery 
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muck farms of Bergen County, New 
Jersey, 16-20; see Cook, M. T. 

Populus sp. hosts of Dothichiza populea 
and Cytospora chrysosperma, 425-427 

Poronidulus conchifer, cause of twig 
blight, 47 

Porte, W. 8., see Prircuarp, F. J. 

Potato, Blackleg, 444; calico of, in Idaho, 
133-9; cooperative spraying project, 
241-8; correlation of foliage-degenerat- 
tion diseases with variations of tuber 
and sprout, 40; diseases in relation to 
weather conditions, 445; host of Corti- 
cium vagum, 444; hot-formaldehyde 
treatment of, 39; leaf hopper, injury of, 
37; leaf-roll of, in Idaho, 133-9; leak, a 
transit disease of, 38; mosaic of, in 
Idaho, 133-9; in relation to temperature, 
438-440; mosaic virus of, 40; russet 
dwarf of, 133-9; respiration of, in rela- 
tion to blackheart, 443; scab treatment 
with sulphur 88; seed treatment in 
western states, 39; skin spot of,—a 
stage of powdery scab, 37; streak, 
transmission of, 41; testing for mosaic 
and leafroll (11), 40; tipburn, caused by 
Empoasea mali Le Baron, 181-4; 
tipburn in northeastern Maine, 36; 
tipburn, its relation to water pores and 
stomata, 305-33; varieties immune to 
wart disease, 38; wart disease investiga- 
tions, 38; yellow dwarf, of 39, 123-32 

Potato, sweet, decay of, by Rhizopus spp., 
51; field and storage diseases of, 251; 
notes on physiology of, 251; stem rot 
disease of, 51; three years of certification 
work in Arkansas, 252 

Potato-tuber, jelly-end rot of, 334-6 

Povan, A. H. W., Hypoxylon poplar 
canker, 59 

Pre-soaking, in formalin-treatment of 
seed wheat, 173-9 

Printing plate cultures, 53; 

Pritrcuarp, F. J., and Portr, W. S., 
Isaria rot of tomato fruits, 167-172 

Prolepsis, due to crown gall, 265-70 

Prunus subcordata, host of new species of 
Exoascus, 443; triloba var. pléna, host 
of Bacillus amylovorus, 519-524 

Pseudomonas, Cerasus on stone fruits, 103; 


juglandis, infection of and resistance to, 
106; savastanoi, pathogenicity on hosts 
related to the olive, 106; 271-8; dis- 
solvens, on stalks of Zea mays, 497-499 

Puccinia, coronata, data on germination 
of spores, 108; coronata, infection 
capabilities of, 4; dispersa, resistance to, 
by rye, 33; graminis tritici, inheritance 
of resistance to, in wheat 31, 32; uredini- 
ospore germination in, 353-361; helian- 
thi, 44; sorghi, 89-97; subnitens, on spin- 
ach, 446; teliospore germination in ten 
species of, 471-488 


J. M., A Helminthosporium 
root rot. of wheat in Idaho, 447; and 
HuNGERFORD, C, W., The effect of pre- 
sprinkling with water upon the effi- 
ciency of certain potato seed treat- 
ments for the control of Rhizoctonia, 
447 

Rainfall, relation of, to late light of 
sugar-beet, 443 

Ranp, F. 


plant diseases, I. 


V., Insects as disseminators of 

fesults of past in- 
vestigations, 223-228 

RankKIN, W. H., Hockey, J. F., and 
McCurry, J. B., Leaf curl and mosaic 
of the cultivated red raspberry, 58; and 
Hockey, J. F., Mosaie and leaf curl 
(yellows) of the cultivated red rasp- 
berry, 253-264 

taspberry, anthracnose, control of, 57; 
leaf curl of, 58; mosaic of, 58; mosaic 
and leafeurl (yellows) of the cultivated 
red raspberry, 253-64 

Ratupun, A. E., Root rot of pine seedlings 
213-220 

Donaup, A hybrid bean re 
sistant to anthracnose and to mosaic, 47 

REINKING, O. A., Cocoanut bud rot in the 
Philippines, 46 

Rhizoctenia, cause of bottom rot disease, 
48; R. solani, cause of potato-tuber rot, 
334-6 

Resin canals, pathological occurrence and 
development of, 59 

Resistance to black stem rust inherited in 


crosses of wheat, 31, 32; to rust and 
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winter-spring habit of growth in inheri- 
tance, 32 

Rhizoctonia, on potato seed, control of, 
447 

Rhizopus, decay caused by different 
species of, 50; 205-12; tritici and nigri- 
cans, cause of decay in sweet potatoes, 

Ruyoaps, A. S., The occurrence and de- 
velopment of pathological resin canals 
in the Coniferae, 59 

Ribes, effect of Cronartium ribicola on, 
45; nigrum, relation to white pine 
blister rust, 221-4; nigrum, sporidia 
production in Cronartium ribicola, 
298-9 

Rice, diseases of, 108; sesame spot disease 
of, 34 

Ricuarps, B. L., Relation of rainfall to 
the late blight or Phoma rot of the 
Sugar-beet, 443; Corticilum vagum as a 
factor in potato production, 444 

Riker, A. J., Studies of crown gall, 55 

Root knot, control of, 250 

Root rot, black, susceptibility of apple 
root-stocks, to, 54; of corn, control of, 
by disinfection, 30; of horse radish, 49; 
of pine seedlings, 213-20; Texas, of 
cotton, 250 

Rosa, J. T. Jr., see Bissy, G. R. 

Rose, J. P., A seedling blight caused by 
Fusarium culmorum var. leteius Sher, 28 

Rosellinia caryae on Carya ovata, 381-385 

Rosgn, H. R., Corn mosaic in Arkansas, 
250; ‘Mosaic’? disease of corn in 
Arkansas, 252; The bacterial pathogen 
of corn stalk rot, 497-499 

Rosrrup, FrepericK GreorG Emit, bio- 
graphical sketch and portrait, 1-3 

Rot, Isaria rot of tomatoes, 167; jelly-end 
rot of potato-tuber by Rhizoctonia 
solani, 334-6 

Russet dwarf, of potato in Idaho, charae- 
ter, transmission of, 133-139 

Rust, black stem rust, inherited resistance 
to, in wheat, 31-82; cedar, uredinio- 
spore germination in 353-361; on yellow 
Bellflower apple, 190—2; corn, studies on, 
89-97; infection affecting water require- 
ment of wheat, 31; leaf, resistance to, 


by rye, 33; pine cone, new cronartial 
stages of two, 109-22; resistance in 
wheat and winter-spring habit of 
growth, 32; of sunflower, 44; germina- 
tion of teliospores, in 471-488 

Rye, resistant to leaf rust, Puccinia dis- 
persa, 33 


Sage brush (Artemesia tridentata), para- 
sitized by Comandra pallida, 104 

Scab, citrus, 57; of apple, 54; of peaches, 
control by dusting vs. spraying, 250; of 
potato, treatment with sulfur, 38; 
powdery, and potato ‘‘skin spot,” 37 

Seald, apple, method of control, 103 

Schizonella colemani, on Vitis quadran- 
gularis, 435-438 

Scumitz, Henry, Note concerning the 
decay of western yellow pine slash 
caused by Polyporus volvatus Peck, 
494-497 

Scuutrz, E. S., and Forsom, Dona.p, 
Transmission of potato streak, 41; see 
Foisom, DonaLp 

Science Service and Plant pathology, 301- 
2 

Sclerotinia libertiana, cause of damping- 
off of celery, control of, 16-20; cause of 
fig disease, 107; spp. reported from 
Crimea, 533 

Seed, disinfection to control root and stalk 
rot, 30; spread of plant diseases by, 54 

Seedling blight, of corn by Helmintho- 
sporium sp. and its relation to soil- 
temperature, 30; of wheat by Fusarium 
culmorum, 28 

Seedling infection of wheat by Helmintho- 
sporium greatest at high temperatures, 
28 

Septoria, diseases, of cereals and grasses, 
44; of cereals 449-470; of wheat, 537- 
584; nodorum, on wheat, 537-558; ino- 
culation experiments on numerous 
hosts, 550-553; tritici, on wheat, 558— 
584; inoculation experiments on num- 
erous hosts, 573-575 

Sesame spot of rice, 34 

Severin, H. H. P., Minimum incubation 
periods of causative agent of curly 
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leaf in beet leafhopper (Eutettix tenella 
Baker) and sugar beet, 105 

SHAPOVALOV, Rhizoctonia so- 
lani as a potato-tuber rot fungus, 334-6; 
“Skin spot,’’ a stage of powdery scab, 
37 

Suear, C. L., F. G. E. Rostrup, 1-3; A 
new source of supply of pure cultures of 
fungi, 24 

SHERBAKOFF, C. D., Fusaria of wheat and 
corn, 45; Fusaria of corn, 251 

Shingles, asphalt, destroyed by a fungus, 
497 

Siaaers, P. V., Torula ligniperda (Willk.) 
Saece. a hyphomycete occurringin wood 
tissue, 369-374 

Skin spot, of potato, a stage of powdery 
scab, 37 

Stage, C. M., Preliminary report on a 
study of the wildfire disease of tobacco, 
51 

Sarr, C. O., Pathogenicity of the olive 
knot organism on hosts related to the 
olive, 106; 271-8; Some studies relating 
to infection of and resistance to walnut 
blight, Pseudomonas juglandis, 106 

Smith, E. F., Fasciation and prolepsis due 
to crown gall, 265-70 

Sara, E. H., and Puruuips, E. H., Fig 
smut studies, 442 

Smitu, T. O., see BuTLeR, O. 

Smut, control of, with copper carbonate 
dust, 36; of oats, factors in spore 
germination, 45; onion, formaldehyde 
treatment less effective in rainy periods, 
155 

Snapp, O. I., Dusting vs. spraying for the 
control of the curculio, brown rot, and 
scab of peaches, 250 

SNELL, W. H., The effect of heat upon the 
mycelium of certain structural timber 
destroying fungi within wood, 59; and 
Howarp, N. O., Chemical injuries to 
white pines, 59; Notes on chemical 
injuries to the eastern white pine (Pinus 
strobus L.), 362-368; see York, H. H. 

Snow, L. M., A new host for the fire 
blight organism, Bacillus amylovorus, 
517-524 


Soil-temperature, influence on Helmintho- 


sporium-infection of corn, 30; influence 
on Helminthosporium-infection of wheat 
28; tests with Diplodia zeae, 29; 
under steam-pan, 53 

Solanum melongena, leaf spot of, 61-5 

Southern Division, American Phyto- 
pathological Society, meeting of, see 
American Phytopathological Society. 

Soybean, new host of Bacterium solana- 
cearum, 98 

SPAULDING, PeRLEY, Notes on Cronartium 
ribicola, 46; Viability of telia of Cronar- 
tium ribicola in early winter, 221—224 

Speckled leaf blotch of wheat, 558-584; 
Speckled blotch of oats, caused by 
Leptosphaeria, 450-470 

Sphaerotheca pannosa, reported from 
Crimea, 534 

Spinach, host of Puccinia subnitens, 446; 
Fusarium blight of, 447 

Spore, content of upper air, 44; germina- 
tion in rusts, 471-488; staining method 
for, 492-494 

Sporidia, potential production of, in 
Cronartium ribicola, 298~9 

Spray, alkaline, effect on size of sweet 
cherries, 104; materials, less common, 
251 

Spraying for celery blight, 48; of potato, 
cooperative project, 241-8 

Staining method, for fungous hyphae, 440- 
441; for germinating spores, 492-494 

Straxman, E. C., and Aamopt, O.8., The 
effect of fertilizers on the development 
of stem rust of wheat, 31; and Henry, 
A. W., CuristopHeR, W. N., and 
Curran, G. C., Observations on the 
spore content of the upper air, 44 

Stalk rot, of corn, control by seed-disin- 
fection, 30 

Steam pan, soil temperature under, 53 

Stem rust resistance to, in oats, 108; in- 
herited resistance to, in wheat, 31, 32 

Stevens, F. L., A fungus destructive to 
asphalt shingles, 497 

Sroxpyk, E. A., see Bisspy, G. R. 

Stomata, relation to potato tipburn, 305- 
33 

Stone-fruits; bacterial gummosis of, 103; 
cross-inoculation with Cladosporium, 49 
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Srone, R. E., Leaf seorch or mollisiose of 
the strawberry, 375-380; and JE. 
Howrrr, bxperiments with winter blight 
or streak of tomatoes, 41; see J. Eb. 
Howirr 

Srover, W. G., The 
temperature to the development of the 


relation of soil 


seedling blight of corn caused by 
Helminthosporium sp., 30 

Strawberry, host of nematode, 105; 445; 
leaf scorch, 375-380; host of Marsonia 
potentillae, 375-380; host of Mollisia 
earliana, 375-380 

Streak, potato, transmission of, 41; of 
winter blight of tomato, control of, 41 

Sugar-beet, late blight of, 443 

Sulfur, inoculated and uninoculated, for 
potato seab, 38 

Sulfuric acid, for angular leaf spot of 
cotton, 20 

Sunflower, rust of, 44 

Synchytrium papillatum, on Erodium 


moschatum, 442 


‘Take-all disease, of cereals, 66-88; of 
grasses and cereals, 27; of wheat, caused 
by Ophiobolus eariceti, 27 

TAUBENHAUS, J. J., Recent 
Texas root rot of cotton, 250 

Taytor, Minnig, Potential sporidia pro- 
duction per unit in Cronartium ribi- 
cola, 298—9 

Temperature, as a factor in growth of 
Diplodia zeae, 29; of soil in develop- 


studies of 


ment of Helminthosporium in corn, 30; 
of soil in development of Helmintho- 
sporium in wheat, 28; under steam pan, 
53; relation to spore germination 353- 
3861; 473-474; of soil, in relation to 
Flax wilt, 409-413; relation to distri- 
bution of Fusarium diseases, 413; of air, 
relation to mosaic diseases, 438-440; 
relation to growth of Corticium vagum, 
144 

Troporo, N. G., Pathogenicity of Macro- 
sporium parasiticum, 50 

Thielavia basicola, on watermelon, 445 

Thielaviopsis paradoxa, on cocoanut palm, 
398 


Tuomas, H. E., see Firzparrick, H. M. 

Tilletia tritici, infection in wheat, 108, 
337-52 

Tipburn, potato, caused by 
mah Le Baron, 181 
Maine, 36; relation to water pores and 


Hmpoasea 
4: in northeastern 


stomata, 305-33 
TispaLe, W. B., see WALKER, J. C., see 
TispaLe, W. H., 
on rice disease in the United States, 108 
Tobacco, effect of dilutions of Bacterium 
tumefaciens upon, 56; leaf spot of, 99; 
non-parasitice leaf-spot of, 52; wild-fire 


JONES, 


Recent investigations 


disease of, 51 

Tomato wilt organism, spread of, 428-434 

Torula ligniperda, in wood of various 
species, 369-374 

Tomato, Isaria rot of, 167-72; mosaic, 
over-wintering of, 41; new Alternaria 
spot of, in California, 146-8; winter 
blight or streak, control of, 41 

Transit diseases, 105 

Triticum vulgare, crosses of, and resist- 
ance to black stem rust, 31 

majus L., inoculated to 
produce fasciation, 265-70 

TrurespELL, H.W., Plant pathology in 
Crimea, 533-535 

Tsuga canadensis, host of Torula ligni- 


‘Tropaeolum 


perda, 370 
Tylenchus dipsaci, a parasitic nematode, 
52; on alfalfa, 105; on strawberries, 445 
| rediniospores of corn rust, SO—-97 
Ustilago avenae, factors in spore germina- 
tion, 45 


R. E., and 


pisi Pat. on 


VAUGHAN, Jones, F. R., 


Colletotrichum garden 
peas, 47 

Venturia spp. reported from Crimea, 533 

Verticillium sp. relation to peach wilt 
disease, 56 

Vitis quadrangularis, host of Schizonella 


colemani, 435-438 


WaLkKeEr, J. C., and W. B., 
Further notes on the occurrence of 
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cabbage black leg, 43 
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Waker, M. N., see S. P. 

Walnut blight, infection by and resistance 
to, 106 

Wart disease of potato, 38 

Water requirement of wheat affected by 
rust infection, 31 

Watermelon, host of Thielavia basicola, 
145 

Weather, its relation to citrus seab, 57; 
relation to potato diseases, 445 

Weser, G. F., Studies on corn rust, 80-97; 
studies on Septoria diseases of cereals 
and certain grasses, 44; Septoria 
diseases of cereals, 449-470; Septoria 
diseases of wheat, 537-584 

Werner, J. L., see Harter, L. L. 

Weiss, FREEMAN, The effect of rust. 
infection upon the water requirement 
of wheat, 31; and Orton, C. R., Pro- 
gress notes on potato wart disease 
investigations, 38 

Wettss, C. G., Cercospora leaf spot of 
eggplant, 61-65 

Weymouth pine, relation to Cronartium 
ribicola, 302—4 

Wheat, “black point” of, 34; blight of 
seedlings by Fusarium culmorum, 28; 
bunt infection of, 108; 337-52; copper 
carbonate dust treatment of seed for 
smut, 36; correlated inheritance of 
rust resistance and winter-spring habit 
of growth, 32; effect of delayed plant- 
ing on formalin-treated seed, 173-9; 
foot-rot disease in Kansas, 27; glume 
blotch of, 5387-558; Helminthosporium 
disease, 28; 447; inherited resistance to 
stem rust, 81, 82; rust infeetion 

affecting water requirement of, 31; 

seab organism, relation of growth to 

hvdrogen-ion 290-4; 

seed, treated with formalin, germina- 

173-9; Septoria diseases of 


concentration, 


tion of, 
537-584; Septoria nodorum on, 537— 
55S; Septoria tritici on, 558 584; 
Speckled leaf blotch of, 558-584; 
Stem rust, effect of fertilizers on, 31; 
take-all of, Ophiobolus 
eariceti, 27 

Wuerzet, H. H., note of his resignation, 


caused by 


and opinion as to present administrative 
policies, 499-500 

White Pine blister rust, conditions 
necessary for infection of pine, 148-150; 
effect on currant, 45; viability of telia 
of, in winter, 221—4; distribution in 
Pacific Northwest, 448 

White pine, see Pinus strobus 

Wildfire disease of tobaeco, 51 

Wilt, bacterial, of cucumber, 143-6; of 
peach, 56 

WinGaArpD, A., A yeast parasitic on 
lima beans, 47; Yeast-spot of lima beans, 
525-532 

Winter blight or streak, of tomatoes, 41 

Wo tr, F. A., Additional hosts for Bac- 
terium solanacearum, 98; A leaf spot 
disease of tobacco caused by Phyllosticta 
nicotiana E. and E., 99-101 


Xylaria sp. susceptibility of app'’e root- 
stocks to, 54 


Yarrow (Achillea miilefolium), parasitized 
by Comandra pallida, 104 

Yellow dwarf, of potato, 39, 123-132 

“Yellows” of celery, variety resistant to, 
48; peach, dissemination of, 140-2; 
(leafeurl) of raspberry, 253-64 

York, H. H., and Sneui, W. H., Experi- 
ments in the infection of Pinus strobus 
with Cronartium ribicola, 148-150 


Zea mays, fusaria of, 251; Fusarium- 
infected, tested in improved germinator 
box, 30; kernel rot of, 25; mosaic in 
Arkansas, 250-252; parasite of, Dip- 
lodia zeae, 29; Pseudomonas dissolvens 
on, 497-499; root and stalk rot, control 
of by seed-disinfection, 30; rust, studies 
on, 89-97; seedling blight caused by 
Helminthosporium sp., 30 

ZeLuER, 8. M., Die-back of loganberry in 
the Northwest, 104; and Owens, C. E., 
European canker in the Pacifie Coast 
States, 105; Mophological differences 
between Nectria galligena Bres. and 
N. coccinea (ditissima), 442; A “plum 
pocket”? on Prunus subcordata in 
Oregon, 443 
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ERRATA 


Page 165, line 1 of legend should read “Fig. 2. Macrosporium caretae. A. Stem of a 
mature carrot plant, etc.” 

Page 279, line 34, “not likely”’ should be “unlikely.” 

Page 281, line 13, “Bordeaux Burgundy mixture’ should be “ Bordeaux or Burgundy 
mixture. ”’ 

Page 381, title heading “Roselinia’’? should be “Rosellinia ' 

Page 384, line 14, “ Roselinia’”’ should be ‘ Rosellinia.’”’ 

Page 385, page heading, ‘‘Roselinia’”’ should be ‘ Rosellinia.”’ 

Page 390, line 15 “sore” should be “spore.” 

Page 396, line 18, “citullina’’ should be ‘“citrullina.”’ 

Page 397, line 11, ‘‘Masse’’ should be ‘ Massee.”’ 

Page 434, line 22, ‘“Edgertown”’ should be “Edgerton.” 


Page 499, footnote belongs to bottom of page 497. 
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